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Diagnostic Reagents 
for the Determination of 


ANTISTREPTOLYSIN TITERS 


Bacto-Streptoiysin O Reagent is a standardized reagent recommended as an aid in 


the diagnosis of Rheumatic Fever, Glomerulonephritis and other diseases associated 
with Group A streptococcal infections. 


SENSITIVITY TESTS 


Ihe significance of determining bacterial sensitivity is accentuated by the discovery 
of increasing numbers of antibiotics, sulfonamides, and other chemotherapeutic 
agents and the development of resistant organisms to one or more of these com- 
pounds. Sensitivity or resistance is easily determined with Bacto-Sensitivity Disks 


HETEROPHILE ANTIBODIES 


The differential diagnosis of Infectious Mononucleosis requires the use of stand- 
ardized heterophile reagents: 


Bacto-Guinea Pig Kidney Antigen, Desiccated and Suspension 
Bacto-Beef Cell Antigen, Desiccated and Suspension 


BLOOD COAGULATION 


Prothrombin determinations require accurately prepared interstandardized 
reagents: 


Bacto-Thromboplastin Bacto-AC Globulin 


Bacto-Prothrombin 2 Stage Reagent Bacto-Sodium Chloride 0.85 Per Cent 
Pacto-Prothrombin Free Beef Plasma Bacto-Sodium Oxalate Solution 0.1 Molar 
Bacto-Prothrombin Free Rabbit Plasma Bacto-Calcium Chloride Solution 0.02 Molar 


LIVER DISEASE 
Differential diagnosis of hepatic disturbances is aided by standardized reagents: 


Bacto-Cephalin Cholesterol Antigen 
Bacto-Thymol Turbidity Reagent Bacto-Kingsbury Turbidity Standards 
Bacto-Thromboplastin and other Prothrombin Reagents 


RENAL FUNCTION 


Phenolsulfonphthalein Ampules, Difco is a carefully prepared injectable recommended 
for use in determining renal excretion rate. 


HEMAGGLUTINATION 
OF RED BLOOD CELLS 


Accurately determined by the use of: 


Bacto-Trypsin 1° for Hemagglutination Trypsin, Difco, 1:250 
Bacto-Hemagglutination Buffer Bacto-Bovine Albumin 30% 


Bacto-Phytohemagglutinin 


DiFCO LABORATORIES 


DETROIT 1, MICHIGAN 
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Weighing 
is the heart 
of all analytical 


procedure 


To keep pace with increased laboratory 
work loads balance manufacturers have 
developed balances that weigh faster, 
are easier to operate and require no 
operator technique. The NEW Christian 
Becker Model NA-1 single pan, semi- 
automatic balance provides everything 
the chemist has wanted. Fast accurate 
weighings are as easy as | - 2 - 3. 


1. 


. Weight control knobs ‘'B’ 


Place sample on pan, close door, select “rough 
weighing” beam by rotating knob “A”. 

are then rotated. 
Weight indicator lights "C" indicate if weights 
have to be added or removed 

Final 1000 mgs., or any part thereof are re- 
corded on new, large, easy to read reticle and 
vernier, after fine weighing beam is put in use. 
This ten thousand division optical readout "'D” 
is absolutely unique. It eliminates completely 
“balance squint.” The large number at the top 
plus the vertical line show that the weight is be- 
tween .455 and .456 gram. By following the line 
down, it makes a solid rectangle at "4", thus 
giving a reading of .4554. This plus the weight 
recorded on counter 
of sample. 


“E", gives total weight 


Capacity 200 grams. Sensitivity .1 mg. Readability .05 mg. Catalog #H1830. Price $1,185.00 





TEN THOUSAND 
DIVISION 
OPTICAL READOUT 


New, large, easy to 
read reticle and 
vernier eliminates 


Bolance Squint. 











ANYONE CAN OPERATE THIS BALANCE 

It also includes many other features: 

e External zero adjustment—temperature compen- 
sation 
Oil damping—longer ‘‘Pan-to Stirrup’ dimension 
Exclusive two-beam construction — one for rough 
weighing—one for fine 
Weighing and pilot lights to indicate beam in use 
Stainless steel Class M weights 
Knobs for weights and beams are at convenient 
table height 
Weight counter, and reticle and vernier ave at eye 
level 


(4 page bulletin available on request) 





HARSHAW SCIENTIFIC 


Division of The Harshaw Chemical Company + Cleveland 6, Ohio 
Sales Branches and Warehouses: Cincinnati 13, Ohio + Cleveland 6, Ohio + 
Houston 11, Texas * Los Angeles 22, Califernia «+ 


Sales Offices: Baton Rouge, Louisi * Oakli 
Hastings-On-Hudson 6, New York * 


Detroit 28, Michigan 
Philadelphia 48, Pennsylvania 

d 11, California + Buffalo 2, New York 
Pittsburgh 22, Pennsylvania 
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TRI-D SCANNER ©: 
= medical studies 
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Functional design is evidenced by the compactness and high 
degree of versatility 
Simple, easy, finger-tip control from operating position assures 


precise performance. 





The TRI-D Scanner provides both horizontal and vertical 


A flip of a switch provides 


plane scanning vertical plane scanning. 


The detector can be positioned at any desired angk 


Performs thyroid uptake and all other commonly-used nuclear TRI-D Scanner Model RIS 





medical diagnostic procedures. 
Accurate thyroid “mapping” obtained with as low as 5 uc in 
the gland enabling “uptake” and “scans” with the same low dose 
Precise scanning pattern assures maximum “mapping” legibility 
Mobile—moves through standard doors. 
Available as a complete assembly or scanner only 


Can be used with existing scaler and directional detectors 





Low cost. 


ATO, Vatio nin C. Subsidiary of C. W. Reed Company, Inc. 
5959 S. Hoover St © Los Angeles 44, California 


Write for bulletin JLUCM22 
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Buy Now, Add Later 


Microstar’s Building Block Concept of design, exclusive 
with AO Spencer, lets you add parts as new needs arise. 





Special inclined monocular 
and vertical monocular 
bodies available. 35 mm 
camera for crisp inexpen- 
sive photomicrography. 
Coupled system lets you 
shoot what you see. 





Choice of Jinterchangeable 

full 360° rotatable bodies, 
~-. monocular, binocular and 

trinocular; inclined for 
rat comfort. 





No other microscope can offer 
you such a wide choice of ; 
interchangeable parts and _—_ Focus the stage and the 


accessories. 

You can adapt the Microstar to 
your exact needs with various 
combinations of readily inter- 
changeable bodies, stages, bases 


specimen to the objectives 
with low positioned coarse 
and fine adjustments. 
Choose from 3interchange- 
able stages; graduated or 
ungraduated mechanical 


and optics. You have more than - Stages or the new Micro- 
600 possible combinations or ' , Oise civeutar stage: 
models to choose from. : 
Your Microstar will be “just : 
right” for you in convenience, 
comfort and the economy of 
real quality, 


The large fork-type con- 
denser mount allows 

* you to interchange bright- 
field, phase and dark field 
condensers quickly and 
precisely. 


Your choice of interchangeable horse- 
~=+* shoe base with double-plano mirror in 
fork mount, or built-in base illuminator. 


cet yourcoovet See | RY American Optical 


the complete ‘ 
Microstar story. ( : SPENCER (; < r 
Write for ompany 


BROCHURE SB124. 





INSTRUMENT DIVISION, BUFFALO 15, NEW YORK 





wide range of speeds 
positive speed control 
automatic timing 


eer 


ED, 


A most versatile rotator for the micro- 
flocculation tests for syphilis, blood 
typing and cross-matching, and many 
others. Specially designed governor- 
controlled motor assures mainte- 
nance of selected speed, 70 to 220 
rpm, regardless of specimen loccd or 
fluctuating voltage. Automatic timing 
to 30 minutes, or continuous. Remov- 
able 13” x 13” platform. 


A-2273 $144.00 


Quantity Discounts 


All YANKEE Rotators come with stainless spring bottle holder, and have non-slip pin-point rubber platform surfaces 


Yankee® AC-DC Variable Speed Rotator 


Variable speeds from approximately 
70 to 210 rpm, dial rheostat control; 
automatic timing to 30 minutes, or 
continuous. Precise construction. 
13” x 13” platform. 


Yankee® AC Rotators A-2272 $100.00 
Time-saving and more accurate than ew 
hand rotation. Operate at 130 or 180 
rpm. Pre-set timer cuts Rotator off 
in 1 to5 minutes. Strongly construct- 
ed for long life. 11” x 11” platform. 


A-2270 (130 rpm) $72.00 
/ A-2271 (180 rpm) $72.00 


Quantity Discounts 





Before you buy your hematocrit centrifuge... 


DEMAND A DEMONSTRATION 


International’s 


MODEL MB 
RUNS QUIETER, YET COOLER... 


than any previous hematocrit centrifuge. 


NEW “CONVERSATION PEACE" IN YOUR LAB.. 
you can actually carry on a telephone conversa- 
tion while the new Quiet Test is running nearby. 


PUSH-BUTTON ELECTRICAL BRAKE halts 
centrifuge in just 15 seconds! 


COOLER . .. than any previous hematocrit 
centrifuge. 


HIGH SPEED... up to 12,300 RPM. 


LONG LIFE... precision made with 
heavy duty motor, more rugged shaft 
and key components. 


NEW PRECISION READER. 

MODEL CR-Fast, foolproof readings — 
from any length capillary tube. The 
magnifying glass and light under — 
tube make readings easier, faster and 
more accurate. 


International Equipment Co. 


1215 SOLDIERS FIELD ROAD, BOSTON 35, MASS. 


Please have your representative call as soon as possible to arrange a demonstration. 


Name Title 


Institution 


Street & No City & State 





Become 
eet. veo 


= 
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new! to perform three essential 


functions in your laboratory: 


1. To sort normal alkaline phosphatase levels rapidly, allowing more 
time for attention to specimens requiring complete quantitative 
analysis. 


2. To serve as a rough control over clinical significance of quantitative 
alkaline phosphatase tests . . . for which no previous standard or 
control exists. 


3. To gauge proper dilution of specimens before quantitative workup. 


For routine use on every specimen sent you for alkaline phosphatase testing 


Phosphatabs 


(alkaline) 
For further information, write Laboratory Cc Supply 5 
WARNER-CHILCOTT 


Linbovatovrias DIV MORRIS PLAINS, N J *Trademark 





AN AMES CLINIQUICK 


LINICAL BRIEF FOR MODERN PRACT 
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What is the most practical approach 
to determining the concentration of 
solids in urine? 


Specific gravity. Increased output of urinary solids raises the specific gravity— 
each | per cent of glucose increases the reading by 0.004. 


Source—Wolman, I. J.: Laboratory Applications in Clinical Pediatrics, New York, The 
Blakiston Division, McGraw-Hill Book Company, Inc., 1957, pp. 343, 344. 


“The simplicity, speed and accuracy of the Clinitest tablet reagent make it a 
desirable procedure for quantitation of urinary sugar.”* 


COLOR-CALIBRATED CLINITEST’ 


Reagent Tablets 
the standardized urine-sugar test 


standardized reading —blue-to-orange spectrum...clear-cut color changes...stand- 
ardized, laboratory-controlled color scale 


standardized “plus” system—established “plus” system...covers entire critical 
range—does not omit %% (++) and 1% (+++) 
*Giordano, A. S.; Pope, J. L., and Hagan, B.: Am. J. M. Technol. 22:29, 1956. 


(ay AMES COMPANY, INC « ELKHART, INDIANA 
Ames Company of Canada, Ltd., Toronto 
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Ud. 
STREPTOLYSIN 0 


REAGENTS, 
Cappel 


*As an aid in the differential diagnosis of rheumatic fever, 
physicians are increasingly requesting antistreptolysin O 
determinations (ASTO) as evidence of infection with 
group A streptococci. Also for immunological and epidemi- 
ological studies. 


to determine ASTO" in streptococcal infections... 


B-B-L offers a complete line of standardized and 
interstandardized titration reagents combining 
maximum stability and accuracy of results...with 
a new ease of performance. 


STREPTOLYSIN O REAGENT... Desiccated 
antigen—instantly restored with distilled water. 


STREPTOLYSIN O BUFFER... For diluting sera 
and red cells. 


ANTISTREPTOLYSIN O CONTROL SERUM 
... A standardized control to confirm accuracy of 
test. 


WASHED POOLED RABBIT CELLS... Ready to 
dilute for use as indicator of the antigen-antibody 
reaction. 


Literature on techniques and reagents sent on re- 
quest—write for folder 55-270. #3 


BALTIMORE BIOLOGICAL LABORATORY, INC. 


BALTIMORE 18, MARYLAND 


A CIVISION OF BECTON, 


DICKINSON AND COMPANY 





VENTRICULAR. 
FIBRILLATION 





Wh endo ayy 
YOUR EXPERIMENTS 


Your experiment is progressing, and definite 
progress is being made. Then suddenly, fibrillation 
What now? You lose the dog or you must go 

inside and massage the heart — in either event 

it means costly and troublesome delays. But with 
the new ELECTRODYNE D-72 EXTERNAL 
DEFIBRILLATOR ventricular fibrillation need 
not be the irreversible end, because it is only a 
matter of seconds between fibrillation and continu- 
ing your experiment. 


The ELECTRODYNE D-72, now in use in many 
of the leading hospitals in the country, was 
originally developed by Paul M. Zoll, M. D. in 
cooperation with his associates at the Beth Israel 
Hospital, Boston. The EXTERNAL DIFIBRILLA- 
TOR is definitely a proven* instrument for clinical 
treatment of ventricular fibrillation and persistent 
ventricular tachycardia through the unopened chest. 


Sk REFERENCES: Zoll, P. M., et al.: Termination of Ventricular 


gPECIALISTS py, 
$ 


“OIC, erectrow’® } 


ELECTRODYNE COMPANY, INC. 
65 Endicott St., Norwood, Mass. 


Fibrillation in’ Man by Externally Applied Electric Counter- 
shock. New England Journal of Medicine, 254: 727, April 19, 1956 
Zoll, P. M., et al.: The Effects of External Currents on the 
Heart. Circulation, 14: 745-756, November, 1956. 


Your inquiries for further information and specific technical information will receive prompt attention. 
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accurate, guick determinations... 


for all colorimetric tests 


E255 PHOTROMETER 


Only one adjustment of only one knob and you get precise determinations 
for each routine clinical test—easily, rapidly—with the Leitz pre-calibrated 
PHOTROMETER. 
Leitz PHOTROMETERS for clinical laboratories... 
* pre-calibrated for easy, rapid determinations 
* a supply of standard solutions is not required 
¢ no external voltage stabilizer needed 
¢ built with the precision and ruggedness characteristic 
of all Leitz instruments 
¢ laboratory technician can readily calibrate instrument 


for additional tests 


See your dealer for a demonstration. 


&. LEITZ, INC., Dept. L- 3 
468 Fourth Avenue, New York 16, N.Y. 


Please send me the Leitz PHOTROMETER brochure. 


Nome 





Street 





City 








E&. LEITZ, INC., 468 FOURTH AVENUE, NEW YORK 16, N. Y. 
Distributors of the world-famous products of Ernst Leitz, Wetziar, Germany 
LENSES + CAMERAS - MICROSCOPES + BINOCULARS 
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Kodak reports on: 


a fish story with a picture to prove it... our desire to be a fountainhead 








This is a microradiograph of a striped bass scale. In micro- 
radiography one passes low-voltage x-rays through a speci- 
men to a special fine-grain photographic emulsion in intimate 
contact with it. The resulting photographic image then be- 
comes a subject for conventional photographic enlargement 
or photomicrography. If you already know that much, there 
is then some point in requesting of Eastman Kodak Com- 
pany, Special Sensitized Products Division, Rochester 4, 
N. Y., information about an improved material for this work 
which we hope to have available in the near future. The same 
source can also provide a recently updated bibliography on 
results and techniques with microradiography. But don’t 
ask us about striped bass and the lessons to be learned from 
their stripes or scales. Ask the Fish and Wildlife Service of 
the U. S. Department of the Interior in Washington. 








Of tocopherol we sing 


Of tocopherol we sing a tune 
different from that used for 
Eastman Organic Chemicals 
as a class. Here the principle of 
non-specialization is cast off. 
Here is no place for pleasant- 
ries where one Sandmeyer re- 
action product or another, one 
nitrite reagent or another, 
serve as mere illustrations of 
diversity. The stream of to- 
copherol that pours into the 
world economy has one of its 
main sources in us. To be 
looked to, likewise, as a foun- 
tainhead of tocopherol re- 
search suits us. It says so right 
at the bottom of our advertise- 
ments to the pharmaceutical 
industry: “leaders in research 
and production of vitamin 
E.” The greater number of 
disinterested investigators we 
can incite to scrutinize the role 
and fate of tocopherol in mam- 
malian and avian physiology, 
the prouder we shall be. 

To facilitate such inquiry 
we announce our readiness to 
supply at $50 per 10 mg d-a- 
tocopheryl acid succinate bear- 
ing a Cl4-labeled 5-methyl 
group. Biologically and chemi- 
cally identical with the crystal- 
line material we regularly sell 
to pharmaceutical manufac- 
turers, it carries the high spe- 
cific activity of 1 microcurie 
per mg. 

Because of the slight formality 
which requires licensing of radioiso- 
tope users by the Atomic Energy Com- 
mission, Division of Civilian Applica- 
tion, Oak Ridge, Tenn., this material 
is not handled as an Eastman Organic 
Chemical or sold through dealers. A 
photocopy of your AEC authorization 
must accompany your purchase order 
Submit it to Distillation Products In- 
dustries, Eastman Organic Chemicals 
Department, Rochester 3, N 
(Division of Eastman Kodak 
Company). 


Price quoted is subject to 
change without notice. 


This is another advertisement where Eastman Kodak Company 
probes at random for mutual interests and occasionally a little rev- 
enve from those whose work has something to do with science 
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PYREX 


LABORATORY GLASSWARE 


HOT OFF 
THE PRESS! 


The most 
complete 
labware 





350 Pages—8500 Pieces of PYREX® Borosilicate Lab Glassware 


New listing method and color-coding make 
Corning’s NEW Catalog even easier to use 


This newly published Corning Catalog of 
Pyrex brand Laboratory Glassware is the most 
complete, easiest-to-use book of its type ever 
printed. 


The idea originated with you—If you were one 
of the customers we contacted in our Catalog 
Preference Survey it’s likely your ideas are 
incorporated in Catalog LG-1l. Because you 
use it frequently it was only fair that you had 
a say in its organization and layout. 


Most complete line 
evailable any- 
where. Flasks, for ex- 
ample, are listed in 
oll six sections. 

No eyestrain: LG-1 
is color-coded. Each 
section has its own 
color panels and is 
identified in print. 
Easy-to-find illustra- 
tions. Just flip the 
pages to find what 


you need. 


¥ 


Clip the Coupon for Your 
Free Copy of LG-1, Corning’s 
New Lab Glassware Catalog 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
.. 
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For fast finding—This catalog is set up diction- 
ary style and in six color-coded sections, each 
with its own color panels at the top and side 
of each page. There’s an extensive index and 
exhaustive cross-indexing, too, so you can find 
similar items and components quickly. 


Custom-Made Labware Section— The former 
Custom Apparatus Catalog joins our Standard 
Listings. This 143-page section lists the most 
demanded modifications of all types of ware. 
Included, also, are 13 pages of Micro Ware 
and 12 pages of Needle Valve Equipped Glass- 
ware listings. 


Coming means research ix Glass 
CORNING GLASS WORKS 


82-3 Crystal Street, Corning, New York 


| have not as yet received my free copy of Corning 
Catalog LG-1. Please send me one. 


I carcceniennsnicsdcnictectitiaiainaseaicsivsen 
eT ee CC A Re is 


Street 
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Eliminate Laboratory 


“Washday Blues’’! 





FISHER LABORATORY 
GLASSWARE WASHER 


© Delivers Sparkling 
Glassware 


© Cuts Labor and 
Detergent Costs 


¢ Reduces Breakage 


This 8-Page 
Bulletin tells 
the story 





this hand 


Details on this useful ap- 
pliance are included in 


A laboratory appliance that saves time, temper and 
tedium—the Fisher Glassware Washer fills a real need 
in the modern laboratory for an automatic, gentle-as-a- 
lamb washer that cleans the most fragile ware to 
sparkling brightness. Deposits, clots, agar, precipitates, 
markings... all are completely removed. 

A variety of baskets permits washing many types of 
laboratory glassware; special holders are available for 
Petri dishes, pipettes, slides, funnels, etc. The Washer 

holds six full baskets or three pipette holders and four 
baskets. 

For “‘good housekeeping”’ made easier, learn more about 
the Fisher Glassware Washer. 


8-65 


FISHER 
SCIENTIFIC 


y, illustrated IN THE U.S.A. Chicago Philadelphia IN CANADA 
asorvtory Glasser Mosher |) booklet. Write for your Boston Cleveland Pittsburgh Edmonton 
copy. Buffalo Detroit St. Louis Montreal 


120 FISHER BUILDING 
PITTSBURGH 19, PA. 
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Charleston, W.Va. New York Washington Toronto 





America's Lorgest Manufacturer-Distributor of 
loborotory Applionces & Reagent Chemicals 
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designed for 
versatile, simplified 
PHYSIOLOGICAL EVENT 
MONITORING 








Write for detailed Viso-Scope folder, showing typical 
interconnection with other instruments .. . or complete 
catalog of more than 20 Sanborn instruments for bio- 
physical research. 


SANBORN COMPANY 


MEDICAL DIVISION 
175 WYMAN STREET, WALTHAM 54, MASS. 


March, 1958 


eeeeeeeveeeeeeene8 


SANBORN 


MODEL 169A 


iso-Scope 


precision Sanborn cathode ray oscilloscope pre- 

the physiologic waveform under study as a 

bright, sharp, long-duration trace on its 5” screen—with 

provision for enlarging trace, instantaneous selection of 

25, 50 or 100 mm/sec. sweep speeds, and photographing 

trace with typical ‘scope cameras. Routine operation 

involves the use of only four controls, including focus, 
scale and trace brightness. 

Applications indicated by the four small illus- 
trations typify the Viso-Scope mpatible versatility 
with other Sanborn instruments, for monitoring in place 
of (or supplementing) recording. They include: (1) 
single-channel monitoring of an ECG or another physio- 
logic event in conjunction with a Sanborn Electrocardio- 
graph; (2) simultaneous monitoring of up to four events, 
by means of the Electronic Switch and 4-channel Record- 
ing System; all waveforms appear on screen simultane- 
ously; (3) high deflection speed monitoring, with booster 
amplifier and Twin-Beam (photographic) Cardiette, of 
such phenomena as phonocardiograms, small animal ’car- 
diograms, high fidelity human ECG'’s, etc.; and (4) 
vectorcardiography, with the Vector Amplifier—with se- 
lection of any 7 conventional ECG leads, 3 tetrahedral 
or 3 cube vector leads. (Special modifications can provide 
for Frank, Schmitt, or other “systems”, at additional 


cost.) 
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No Slide Rule Needed Here: LE 


Dirty Glassware + Ordinary Cleaners=? 
You Just Can't Balance This Equation 


Balance Your Cleaning Equation 7 
with 











Paragon Laboratory Cleaner 


The detergent cleaner developed especially for the modern laboratory. Con 
tains no soap, leaves no dulling scum. Abundant suds in cold water. Rinse 
water flows off without water spotting. No wiping or towelling necessary. 


PARAGON LABORATORY CLEANER is easy to use; simply soak articles 
in hot or cold water containing 1 ounce of Paragon Laboratory Cleaner to 
the gallon. Dirt, grease, grime, stains and incrustations float away. 


PARAGON LABORATORY CLEANER cleans glassware, porcelain, ename! 
ware, soapstone surfaces, ironware, tile and painted walls, floors, slop sinks, 
toilet bowls, shelves. No boiling of slides to get them clean. No more cor 
roded, etched or seratched slides. Simply allow the used slides to soak in 
Paragon Laboratory Cleaner solution for a short time. Smears, stains and 
cedar oil float away. Excellent for freeing jammed syringes, stuck stop 


cocks and ground glass stoppers. 





PARAGON LABORATORY CLEANER is packed only in 3 Ib. boxes. 


PC300 Box (3 Ibs. 


Carton (24 x 3 lb. boxes 


$1.00 
20.40 (85¢ per box) 





' - 
Prices F. 0. B. New York, New York, subject to change without notice 
PARAGON C. & C. CO. INC. Manufactured exclusively by . x 
2540 Belmont Avenue | 
New York 58, New York | PARAGON C. & C. CO. INC. 
Please send free trial sample PC300 2540 Belmont Avenue 
. | New York 58, New York 
ame 
; Cable Address: Wijeno, New York. 
Address | 
1 = 
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NUMBER 3 


renewed interest is being shown in the 


SECRETOR TRAIT 


Blood factors A, B and O which determine blood groups 
of the ABO system occur as alcohol-soluble substances 
in erythrocytes and many other body cells. About 
80 per cent of human beings also produce the factor or 
factors of their ABO blood group as water-soluble sub- 
stances in their body fluids and secretions. Such indi- 
viduals are called “secretors’’ The secretor trait is 
inherited as a Mendelian dominant! through allelic 
genes S and s (not related to S and s of the MNSs 
system). The genotype of a secretor is either SS or Ss, 
and all nonsecretors are of genotype ss. 


. The secretor trait is of interest to geneticists as a 
marker gene. It is also related in some way to the 
Lewis blood system, as A-B-O(H) nonsecretors are 
almost invariably Le(a+).” 

The group O secretor secretes a water-soluble sub- 

stance called H. It has been observed that secretors of 

A and/or B substances also secrete H.4 “Aberrant 

secretors” who do not fit this usual pattern have been 

reported‘ and the possible association of aberrant se- 

cretion with spontaneous abortion has been suggested.* 
- Schiff, F, and Sasaki, H.: Zechr. Immunforsch. 77: 129-139, 


. Grubb, R.: Nature 162: 933, 1948. 
- Schiff, F: Zschr. Immunforsch. 82: 302-310, 1934. - ; 
‘ pony C., et al: Am. J. Clin. Path. 28(2): 145-151, (Aug.) 


: Seal C., et al: Am. J. Clin. Path. 28(5): 469-480, (Nov.) 


ps EE MOT OCR abe ee 


Announcing another Hyland first ... 


ANTI-H LECTIN 

(Purified) 

for secretor testing 

This stable, water-clear product is purified 

from the seed of Ulex europeus. 

It gives sharp, clear-cut reactions and is recommended 

for secretor testing of individuals belonging to any ABO group. 
Available in 2 cc. dropper vials. 


HYLAND LABORATORIES 
4501 colorado blvd., los angeles 39, calif. fe] > 


252 hawthorne avenue, yonkers, new york 
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Harleco has now located in this modern head- 





quarters building to facilitate a smoother flow of 


all work in which we are engaged. It serves to com- 





pletely eliminate congestion which had arisen in the 
older premises through considerable expansion dur- 


ing the past five years in our field of interest. 


< Harlece fpireduchs are avaclalle of your preferred sufifitly house 


CATALOG UPON REQUEST 






HARTMAN-LEDDON COMPANY 


* 60TH & WOODLAND AVENUE 
PHILADELPHIA 43, PENNSYLVANIA, U.S.A. 
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Write for Gilmont Ultramicroburet 


Descriptive Bulletin ¢U.M, 225 
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The 


Achievements 
of 








...in Skin Diseases: In a study of 26 patients with severe der- 
matoses, ARISTOCORT was proved to have potent anti-inflammatory and 
antipruritic properties, even at a dosage only % that of prednisone’... 
Striking affinity for skin and tremendous potency in controlling skin dis- 
ease, including 50 cases of psoriasis, of which over 60% were reported as 


markedly improved?...absence of serious side effects specifically noted." *:* 


...in Rheumatoid Arthritis: Impressive therapeutic effect 
in most cases of a group of 89 patients’. ..6 mg. of ARISTOCORT corre- 


sponded in effect to 10 mg. of prednisone daily (in addition, gastric ulcer 


which developed during prednisone therapy in 2 cases disappeared during 
ARISTOCORT therapy).° 


. Rein, C. R., Fleischmaijer, R., and Rosenthal, A. L.: 
J. A. M. A. 165:1821, (Dec 7) 1957. 

. Shelley, W. B., and Pillsbury, D. M.: 

Personal Communication. 

. Sherwood, A., and Cooke, R. A.: Personal Communication. 

. Freyberg, R. H., Berntsen, C. A., and Hellman, L.: Paper 
presented at International Congress on Rheumatic Diseases, 
Toronto, June 2, 1957. 

. Hartung, E. F.: Personal Communication. 

. Schwartz, E.: Personal Communication. 

. Sherwood, A., and Cooke, R. A.: J. Allergy 28:97, 1957. 

. Hellman, L., Zumoff, B., Kretshmer, N., and Kramer, B.: 
Paper presented at Nephrosis Conference, Bethesda, Md., 
Oct. 26, 1957. 

. Ibid.: Personal Communication. 

. Barach, A. L.: Personal Communication. 

. Segal, M. S.: Personal Communication. 

. Cooke, R. A.: Personal Communication. 

. Dubois, E. L.: Personal Communication. 





OCOrR't 


Triamcinolone LEDERLE 


...in Respiratory Allergies: “Good to excellent” results in 29 of 
30 patients with chronic intractable bronchial asthma at an average daily dosage 
of only 7 mg.°. .. Average dosage of 6 mg. daily to control asthma and 2 to 6 mg. 
to control allergic rhinitis in a group of 42 patients, with an actual reduction of 
blood pressure in 12 of these.’ 


...in Other Conditions: Two failures, 4 partial remissions and 8 cases 
with complete disappearance of abnormal chemical findings lead to characteriza- 
tion of aristocort as possibly the most desirable steroid to date in treatment of 
the nephrotic syndrome.*:*. .. Prompt decrease in the cyanosis and dyspnea of 


pulmonary emphysema and fibrosis, with marked improvement in patients refrac- 


tory to prednisone.'”'':!*, . . Favorable response reported for 25 of 28 cases of 


disseminated lupus erythematosus.** 


Depending on the acuteness and severity of the disease under 
therapy, the initial dosage of aristocortT is usually from 8 to 20 mg. 
daily. When acute manifestations have subsided, maintenance 

dosage is arrived at gradually, usually by reducing the total daily 
dosage 2 mg. every 3 days until the smallest dosage 

has been reached which will suppress symptoms. 


Comparative studies of patients changed to ARISTOCORT 

from prednisone indicate a dosage of arn1stocort lower by about % 
in rheumatoid arthritis, by % in allergic rhinitis and bronchial 
asthma, and by % to % in inflammatory and allergic skin diseases. 
With anrisTocort, no precautions are necessary in regard to dietary 
restriction of sodium or supplementation with potassium. 


ARISTOCORT is available in 2 mg. scored tablets (pink), bottles of 
30; and 4 mg. scored tablets (white), bottles of 30 and 100. 


a> LEDERLE LABORATORIES DIVISION, AMERICAN CYANAMID COMPANY, PEARL RIVER, NEW YORK 











disposable 


monoject. 


HUB NEEDLE 









“100° 


NOW PACKED IN A SEALED PLASTIC WRAPPER. 
NON-PYROGENIC, SURGICALLY CLEAN AT NO EXTRA COST. 


always CLEAN — always SHARP 
DISPOSABLE to ELIMINATE the 
danger of CROSS-INFECTION. 


THE ALUMINUM 








The efficiency and economy of monoject “100” has been tested and 
proven by America’s leading hospitals. Costs less than 4¢ a needle. 


<> ROEHR PRODUCTS CO., Inc. 


WATERBURY, CONN. ¢* DELAND, FLA. 
World’s Largest Manufacturer of Hypodermic Needles 


wile ROEHR PRODUCTS CO., Inc, DeLand, Fla jot furthtre inpotmalon on, {i 
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you 
can 
determine 
gastric 
acidity 
simply, 
effectively 
and 
without 


intubation, 


use new 


Diagnex Blue 


Squibb Azure A Carbacrylic Resin Diagnostic Test 


... the visual color test for gastric acidity 


SQUIBB 


Squibb Quality— 
the Priceless Ingredient 


AGNEX'® 1S & SQUIBS TRAC 


March, 1958 


How to Use 

1. The patient takes Diagnex Blue orally 

2. Urine samples are returned to the physician. 

3. Simple color comparison denotes gastric acid status. 


Advantages 

e a simplified, visual method without intubation 

e highly dependable results 

e time-saving convenience—can be used right in the office 
e no fluorescent light or other special equipment needed 


Indications 

The Diagnex Blue test is 2 simple, highly useful step 

in the diagnosis of conditions associated with abnormal 
gastric acid secretion. According to Goldbloom and 

his associates, “the test for achlorhydria is extremely 
valuable in the diagnosis of pernicious anemia, 

cancer of the stomach, and gastric polyps.” 

Boxes of 5 and 50 Diagnex Blue test units with comparators. 


Goldbloom, A. A., Feinstein, M. A. and Eiber, H. B.: Am. J. Dig. Dis., 22:288, 1955. 
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A Textbook on Laboratory 
Procedures With Their Interpretation! 


CLINICAL LABORATORY 
METHODS and DIAGNOSIS 


by 


R. B. H. GRADWOHL, M.D., D.Sc., Director of the 
Gradwohl Laboratories and Gradwohl School of Laboratory 
iene, St. Louis, Missouri; Pathologist to Christian 
ospital. 





1956, 5th edition, 2 volumes, 2451 pages, 6%” x 934”, 
765 illustrations, 52 color plates. 


$38.50 Per Set 


For twenty-one years this work has been the equivalent of seven monographs 


recognized as one of the truly compre- Largest of the sections is the chapter on 
hensive works in the field of clinical Hematology comprising 477 pages. Lab- 
laboratory methods and diagnosis—cov- oratory workers seeking a detailed trea- 


ering in detail the full gamut of labora- tise on Hematology will get just this in 
tory procedures WITH THEIR IN- this one chapter. 

TERPRETATION. nt: ; ; ; 
Ihe sections on Blood Chemistry—con- 
First published in 1935, and now in its taining 331 pages and _ Bacteriologic 
Fifth Edition, this work is designed to Applications to Clinical Diagnosis—con- 
help the clinician, the laboratory worker, taining 376 pages—also might be con- 
and the medical student to learn labora- sidered separate monographs on these 
tory diagnosis. The standard technic of subjects. 

accepted procedures is given in strictest The chapter on Parasitology containing 
detail, together with an interpretation of 949 pages is the equivalent of o wel 
all data obtained by standard tests. compact volume in its own right. Also 
the chapter on Blood Groups and Trans- 
fusion with its 196 pages of pertinent 
text material might be classed a mono- 
graph on the subject. Two other chap- 
ters—Urine Analysis and Toxicologic 
Technic—each with 146 pages—are fre- 
quently referred to as separate mono- 
graphs of considerable value and impor- 
tance. 


Eight years have passed since the last 
edition was published. During this time 
clinical pathology has been enriched with 
a large amount of new material. So nu- 
merous and extensive have been the ad- 
ditions to this revision that it is thor- 
oughly up to date. 


Actually this two volume work contains 
































THE C. V. MOSBY COMPANY Date 
3207 Washington Blvd., St. Louis 3, Missouri 


Gentlemen: Send me Gradwohl “Clinical Labo- 
ratory Methods and Diagnosis." Two Volumes 


Order today from 
Price $38.50. 
THE (, V. MOSBY (0. [] Attached is my check. [] Charge my account 


3207 Washington Blvd. Dr 
St. Lovis 3, Mo. 





Street 





City Zone 


Las-3-58 
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Antiseptics, Disinfectants, 
Fungicides 


and Chemical and Physical Sterilization 


Edited by GEORGE F. REDDISH, Ph.D., Sc.D. ( Hon.) 


St. Louis College of Pharmacy and Allied Sciences; and Lambert-Hudnut Division 
of Warner-Lambert Pharmaceutical Company, St. Louis, Missouri 


28 CONTRIBUTORS 


ERTINENT information relative to antiseptics, disinfectants and fungicides, 
as well as chemical and physical methods of sterilization, is set down and 
evaluated in this book. It represents the combined effurts of many authori- 
ties who cover important facts relating to antimicrobic agents ge nerally, exclusive 


of antibiotics and chemotherapeutic drugs. 


Full consideration is given to the various methods of testing antimicrobial agents. 
Because of their importi nce, current procedures are described in separate 
chapters. Laboratory and practical tests are detailed. Iodine, the mercurials, 
alcohols and other antiseptics are discussed first, followed by disinfectants and 
fungistats and fungicides. Considerable thought has been given to the material in 
each of these classifications since it is well recognized that some antiseptics are 
used as disinfectants, some disinfectants are used in antiseptic formulations, and 
fungicides and fungistats are often germicides and bacteriostatic agents, respec- 
tively. Of special interest to the food and pharmaceutical industries is the process 
of sterilization by ionizing radiations. 


This edition contains three new chapters: Sterility Tests and Methods of Assur- 
ing Sterility, Methods of Testing Sanitizers and Bacteriostatic Substances, and 
Ultraviolet Radiation as a Germacidal Agent. The chapter on iodine contains 
an extensive discussion of iodophors, and the use of iodine solutions in catastro- 
phies. Other features include: The official evaluation of phenolic disinfectants; 
compatibilities and incompatibilities of various agents with a representative 
quaternary; methods of testing sporicidal solutions under conditions of use as 
well as detailed instructions for disinfection; and numerous other discussions, some 
of which are presented more fully here than in any other book on this subject. 
Physicians, bacteriologists, sanitarians and public health workers who want a 
sound guide on this always important subject will find it in this highly dependable, 
easily read book. 


Second Edition. 975 Pages. 67 Illustrations. 134 Tables. $15.00 


( Published September, 1957) 
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doing column chromatography? 


if it’s resolution you’re after... which sampling is 
bound to be better? 
VeUTaTTY 


Viditiil 
TEVTTEY 
i} eeeree 









iidil 
iid 
iviil 





10 fractions of 20 cc each or 200 fractions of 1 cc each? 


Break a given volume into many small fractions, rather 
than a few large ones, and you're bound to get sharper dif- 
ferentiation, higher resolution. 

Stands to reason .. . but how? The manual “‘bird-watching" 
method is tedious enough for a dozen-or-so collections: down- 
right impossible when you need hundreds. 

It's no trick at all though when you mechanize fractiona- 
tion with the Technicon automatic collector. You can run collec- 















tions either by time-flow, or, if utmost resolution is required, by 
drop count. Either way, all you have to do is mount the prepared 
column on the machine, set it for the desired number (up to 200) 
of samples of whatever volume you wish (from a single drop 
up to 28 cc). Then start it and go away. 

Come back hours later (or next morning) and find the job 
all done. Excess material beyond that required for the experi- 
ment is automatically diverted to waste when the machine turns 
itself off on completion of the collection. 


'—technicon 


UNOIOL traction collector 


There's a lot more you should know about this 
time-and-labor saving instrument. You'll find it 
in a brochure you can get by writing 





TECHNICON CHROMATOGRAPHY CORP. 


Chauncey, New York 
Paris Office: COMPAGNIE TECHNICON 
rue Georges Ville @ Paris 


o 








eloe scientific 
DIVISION OF A. S. ALOE COMPANY 





5655 KINGSBURY 


ST. LOUIS 12, MO. 


Division.. Los Angeles, San Francisco, Seattle, Denver, Minneapolis, Pitts- 
hugh, Kansas City, Dallas, New Orleans, Chamblee, Washington, Miami. 
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Much faster and more 
accurate than old 
hand-stropping methods. 
Merely run blade over 
special compounded wheel 
four or five times each side. 
Knife holder and support 
plate adjustable for 
differences of bevel on 
various knives. For further 
data write for Technical 
Bulletin 23-122. 


60070. Grey finished housing, 
13% inches wide, 11 inches 
deep, 9 inches high. For 115 
volts A. C. Complete with 
charged stropping wheel 

and extra supply of 
stropping abrasive for 
recharging. Each $275.00 


*Patent applied for 
Jour. of Lab. & Clin. Med. 
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: tor consistently _ 
Acuplastin + “S¢elicble 


THROMBOPLASTIN PROTHROMBIN prothrombin-time 


EXTRACT TIME PLASMA F : 
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ONE STRIP 
= ONE DIP_—_ 
TWO RESULTS 


prot murias 


glycosuria 
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U R ; S i X REAGENT STRIPS 


combined 
colorimetric 





“dip-and-read”’ 


For the two most commonly performed 
lab tests...the “heart” of every routine 
urinalysis...the ultimate in simplicity, con- 
venience and reliability. Equipment and 
many minutes of valuable lab time can be 
saved...just “dip-and-read” a single 
UrisTIx Reagent Strip and get two test 
results in seconds! 


COLORIMETRIC READINGS FOR PROTEIN 
no guesswork of turbidity estimations 

ENZYME SYSTEM FOR GLUCOSE -— 

unrelated to copper-reduction methods 


TRADEMARK 


test for protein and glucose in urine 


SPECIFIC FOR PROTEIN AND GLUCOSE 
—unaffected by other urine constituents, drug 
metabolites or urine turbidity 

SENSITIVE — detects as little as 10 mg.% protein 
and 0.1% glucose 

STANDARDIZED —color guides permit reliable 
estimations, consistent reports 


TIMESAVING AND ECONOMICAL — completely 
disposable 


available: Uristix Reagent Strips—Bottles of 125 


/ \ AMES COMPANY, INC « ELKHART, INDIANA 
Ames Company of Canada, Ltd., Toronto 
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Contents 


How to blish your radi 





pe program 


Evaluation of thyroid f i using radioiodi 





Studies of kidney function with radioactive diodrast 


Estimation of cardiac output with radioiodinated 
serum albumin 


Evaluation of liver function with radioactive rose bengal 


Blood and plasma volume measurements using 
diciodi 4 scrum alt ‘ 





r 
Measurement of red cell mass with radiochromium 
Diagnosis of pernicious anemia with radiocobalt Vitamin Biz 


Fat digestion and absorption with radioiodine 
labelled triolein . 


Scanning body areas for radioisotope concentrations .- 


Published and copyrighted 1958 by Nuclear-Chicago Corporation 


223 West Erie Street, Chicago 10, Illinois 





send for this information on use of radioisotopes 


We will be happy to send you this new 
brochure outlining typical procedures and 
instrumentation required for the most 
important clinical radioisotope studies. Just ome) a. 
mail the coupon. No obligation, of course. Please mail me a copy of “Diagnostic Applications of 


a! 


nuclear - chicago 


co = @# Qo & ah FT + @& Fs 


249 WEST ERIE STREET + CHICAGO 10, ILLINOIS 





NUCLEAR-CHICAGO CORPORATION 
249 W. Erie St., Chicago 10, Illinois 


Radioactive Isotopes.”’ 





(Name) 





(Address) 





(State) 

















FOR PROTEIN BOUND IODINE DETERMINATIONS 


The PBI determination is the ONLY TEST 
which directly measures thyroid function 
by measuring the ability to produce circu- 
lating thyroxine 

Combining specially designed equip- 
ment, purified reagents and a simplified 
method, the Hycel System gives repro- 
ducible results to +0.1 mcg%. 

Equipment includes reagents for over 
200 determinations and special equipment 
to perform up to ten tests daily. Also in- 
cluded are Manuals describing method and 
interpretation 

The Hycel System is the result of exten- 

sive research and testing by 
Hormone Chemistry Labo- 
ratory. They offer corrobo- 
fative assays aS a service 
to users 


—, 





No. 53845—Hyce! PBI System.......$354.00 


A multiple set is available containing sufficient rea- 
gents for over 600 tests, and additional equipment 
for performing 20 or more tests daily. “ur catalog 
No. 53846, it sells for $1050.00. 


Scientific Products 


DIVISION OF AMERICAN HOSPITAL SUPPLY CORPORATION 


Division Offices 


GENERAL OFFICES—1210 LEON PLACE, EVANSTON, ILLINOIS 





Aansworth balances 
American Optical 
microscopes: 
Barnstead stilts 
Bausch & Lomb 


microscopes 

Beck Lee E.K.G. 
equipment 

Beckman 
instruments 

Browne-Morse 
sectional cabinetry 

Christian Becker 
balances 


Clay Adams medical 
equipment 


man 
spectrophotometers 

Coors porcelain 

Corning glass 

Dade serums 

DiSPo items—dis- 
posable speciaities 


Hartman-Leddon 
chemicals 
Hycel clinical testing 


ees 
Jewett refrigerators 
Kumble glassware 


Lindberg hotplates & 
furnaces 


Lipshaw tissue 
equipment 

Mallinckrodt reagent 
chemicals 

Matheson Coleman & 
Bell orgamec chem- 
icals 


Monaghan respiratory 
equipment 

Ohaus scales 

Precision scientific 


Seheffetin 
pharmaceuticals 
SP laboratory 
specialties 
Spinco electrophoresis 
apparatus 
Sylvana serological 
reagents 
Torsion balances 
Virtis virus & tissue 
equipment 
Warner-Chilcott 
pharmaceuticals 


No matter what 


your laboratory 
needs—be sure to 
consult your SP 


first! 


~ F 


Atlanta @ Chicago @ Columbus @ Dallas @ Kansas City @ Los Angeles e Minneapolis 


New York @ San Francisco @ Washington 
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ELEVEN FEBRILE ANTIGENS 
FROM LEDERLE 


For use in the simple, quantitative, macroscopic rapid 
slide agglutination test technique of Huddleson and Abell, 
and its adaptation by Welch and Stuart, Welch and Mickle, 
and Diamond. 


Brucella Abortus Antigen Lederle 

Proteus 0X19 Antigen Lederle 

Salmonella Group A (Somatic |, II, XII) Antigen Lederle 
Salmonella Group B (Somatic |, IV, V, XII) Antigen Lederle 
Salmonella Group C (Somatic VI, Vil, VIII) Antigen Lederle 
Salmonella Group D (Somatic IX, XII) (Typhoid 0) Antigen 
Lederle 

Salmonella Group E (E:, Es, and E,) (Somatic Ill, X, XV) 
Antigen Lederle 

Paratyphoid A (Flagellar a) Antigen Lederle 

Paratyphoid B (Flagellar b, 1, 2) Antigen Lederle 
Paratyphoid C (Flagellar c, 1, 5) Antigen Lederle 

Typhoid H (Flagellar d) Antigen Lederle 


LEDERLE PRODUCTS FOR LABORATORY 
MEDICINE ARE PREPARED AND TESTED 
ACCORDING TO THE HIGHEST STANDARDS 


AGENTS FOR LABORATORY USE: BLOOD GROUPING, Rh TYP- 
ING, and ANTIHUMAN (Coombs Test) SERUMS, NIH-approved; 
BLOOD CULTURE MEDIUM; £. COLI TYPING SERUMS*; 
SALMONELLA GROUPING and TYPING SERUMS*; SHIGELLA 
GROUPING SERUMS; SYPHILIS ANTIGENS: V.D.R.L.; Kahn 
Standard, (Dr. Kahn Laboratory-approved); Laughlen Re- 
agent, (Dr. Laughlen Laboratory-approved); PASTEURELLA 
TULARENSIS TUBE ANTIGEN; VIRAL and RICKETTSIAL 
ANTIGENS. *Prepared according to CDC methods and 
standards 


AGENTS FOR CLINICAL USE: LY MPHOGRANULOMA VENE- 
REUM SKIN TEST ANTIGEN and CONTROL; TRICHINELLA 
EXTRACT and SALINE CONTROL; TUBERCULIN PATCH TEST 
(Vollmer 


For further information contact the Lederle representa- 
tive through your hospital pharmacy, or write: 


LEDERLE LABORATORIES DIVISION 
AMERICAN CYANAMID COMPANY 
PEARL RIVER, NEW YORK 
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of causes of poisoning and in their treatment. Straightforward in its 
approach, this easy-to-use English reference is conveniently arranged 
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toxic agent or group of agents; Part III contains informative and help 
ful sections on Identification of Poisons and Poisonous Plants written 
by eminent authorities in these fields. The information in the latter 
section is particularly valuable to the average hospital laboratory in 
identifying some of the more frequently encountered poisonous plants 
and seeds. A special ‘Treatment Index’’ directs you to prompt and 


effective treatment of poisoning cases of emergency 
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mination of ammonia and urea, but now 
in wide use for numerous other tests in 
the biological and pharmacological labora- 
tory. Utilizes the microdiffusion principie, 
i.e. the liberation and absorption of small 
amounts of gases from volatile substances 
in a closed system. 

Consisting of a low form, flat bottom, 
circular dish of Coors U.S.A. porcelain, 
glazed inside and outside, with ground 
edge and concentric inner wall arising 
from the floor; and a flat, ground glass 
cover to fit. 

The opaque white porcelain surface 
forms a superior backgrcund for titrations 
with indicators and the wide, smoothly 
ground, flat edge permits an excellent seal 
with the ground glass cover, which is 
important in use. 


Method of Use. In a typical analysis, stand- 
ard acid or base is introduced into the central 
chamber; the liquid sample is placed in the 
annular section, and the glass cover is sealed 
on by use of petrolatum or similar fixative. 
Next, the unit is tilted slightly and the glass 
cover shifted laterally, admitting entrance to 
the moat only, and a measured quantity of 
reagent is introduced to liberate the volatile 
substance. Then the dish is resealed, and the 
unit is rotated 10 to 20 times without mixing 
the contents of the two chambers. After com- 
plete absorption, by simple gaseous diffusion, 
the cover is removed and the contents of the 
inner chamber are titrated. 
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CLINICAL AND EXPERIMENTAL 


PLASMA CHOLINESTERASE AND OTHER LIVER FUNCTION TESTS 
IN HEPATIC AMEBIASIS 
Gorpon B. Maciii, M.D..* anno Joun H. Kittovcu, M.D.** 
DENVER, COLO 


A LTHOUGH there have been advanees in diagnosis and treatment of intestinal 


amebiasis, recognition of the hepatie form has remained a frequently vexing 


problem. Klatskin? and DeBakey and Ochsner? estimated that hepatic amebiasis 
was found 4 to 7 times more frequently at autopsy than noted clinically. A 
large amebie abscess of the liver may be quite apparent at times, Fortunately, 
however, this extreme stage is not common® and should be considered an end 
product of amebie invasion of the liver. As indicated by Sodeman* * it is the 
cases with early liver involvement that offer the greatest diagnostic difficulties. 
Since it is this same group that shows the most promising therapeutie results, 
early recognition of hepatic amebiasis is of prime importanee. 

One of the difficulties in the diagnosis of early, or even moderately advanced, 
hepatie amebiasis is the failure of the usual liver funetion tests to indicate 
involvement of that organ. ** With the development of more sensitive liver 
function tests and more accurate means of determination, it seemed pertinent to 
study a battery of these tests in patients suspected of having hepatie amebiasis. 
It is the purpose of this report to present the results of 7 liver function tests 
performed on a series of 101 patients with amebiasis. Of these, 46 were 
suspected or proved to have hepatie involvement. 


Work performed and report prepared while authors were 


members of the Department 
of Clinical Investigations, | S. Naval Medical Research Unit No 


3, Cairo, Egypt (1950-1953). 

These studies were made possible by the cooperation of the Egyptian Ministry of Health 
ind the directors of Abbasieh and Imbaba Fever Hospitals and the Endemic Disease Institute 
Dr. A. H. El Ramli, Dr. Abdul Wahid and Dr. A, Halawani, respectively 

Received for publication July 17, 1957 

*Present address The Denver Clinic, 701 East Colfax, Denver, Colo 

**Present address University of Missouri, Columbia, Mo 
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MATERIALS 


Due to the lack of 


facilities 


ncidence of this type of amebiasis in Egypt. 


‘or study were selected from several Egyptian institutions on the basis 


for the care of women, 


Since cases were at times selected primarily for the study of dysentery, 


he high percentage of severely ill patients in the present series 


On the contrary, 


routine surveys of villages showed a high proportion of asymptomatic, or only slightly 





symptomati amebiasis 
TABLE I. Historica Data In 101 Patients WitH AMEBIASIS 
AGE DIARRHEA AND CRAMPS RIGHT UPPER 
MEAN PAST QUADRANT 
NO. OF YEARS ONLY PRESENT TOTATI PAIN 
GROUP CASES RANGI PER CENT PER CENT PER CENT (PER CEN1 
I. No he pati 55 27 10 24 37 5 
involvement 16-50 18 49 67 9 
Il. Amebie hepa +1 32 3 33 36 10 
titis (+ ab 10-60 7 8] Rk 24 
scess 
Ill. Hepatic 5 39 0 5 5 } 
abseess 30-65 100 100 R80 
TABLE II. PHYSICAL AND LABORATORY FINDINGS 
GROUI VER TENDERNESS FEVER W. B. ¢ STOOLS 
62 = e = y 
se |S <=. | 5- p< |$"< 
i = 5 Rs - S52 Ec 
~ - = a 
: = <= - A 4A =o a 
~ - Z = = , + - me »S ee” 
: : 2/5 BZ /285 |'2¢4 
& : = - & & = 2 &  < ne _ - me 
4 z+ = 2 +9 Ps 2 & si AZ = 8 2 m 2S 
‘ - —— ~~ = ——a* — te >~ =a 4S ~ oes 
= , 4 = : > - =< NS 
I vi 16 ] 17 7 99.8 11 7,800 6 } 6 
68 0) 4 2 13 20 7 1] 
I] i 22 15 37 28 100.8 32 14,200 7.1 24 27 
10 o4 6 30 68 78 9 66 
II] 0 l t ) a) 101.5 5 24,200 13.8 } } 
1) SO 100 100 100 SU SO 
palpation f liver or percussion or compression of rib cage over liver 
(ire er than 100.1 I (rectally ) 
W.B.C bove 10.004 
The b ince | 1 ysts only or cysts and trophozoites without ingested R.B.C 
Classification ¢ Cases Large surveys of hepatie amebiasis have emphasized the 
lagnosti mportance of liver tenderness.! t The two other findings most frequently 
" asized ive been fever and leukoevtosis. It was, therefore, decided to classify the 
‘ : the present st uly on the basis of these 3 criteria. Other causes of liver tenderness, 
ver r leukocytosis were excluded, when possible. The distribution of cases was as follows 
I es I and II 
Gre I consisted of 55 patients with no definite evidence of liver involvement. Included 
i | 
! t Ss roup ere 0) patients who demonstrated none of the 3 eriteria. The other 35 
‘Py , xaminations were performed by D. K. Lawless, H.M.C., and C. P. A. Stome, 
H.M.¢ USN 





LIVER FUNCTION TESTS IN HEPATIC AMEBIASIS 


subjects showed one of the criteria, usually to a minor degree, but were considered likewise 


as not having hepatic involvement. 


Group II was composed of 41 subjects thought very likely to have hepatic involvement 
but without demonstrable abscess, All of these patients showed at least 2 of the basic criteria, 

“6 (63 per cent) demonstrating that number and the other 15 (37 per cent) evidencing 
all 3 criteria Undoubtedly some of the patients in this group had actual liver abscess but 
could not be classified as such because of recovery without actual demonstration of the lesion. 
Proctoscopy was performed in 15 patients and revealed mucosal ulcerations. 


Group III was limited 5 patients 


| n whom abscess was unequivocally demonstrated, 


either by autopsy 3 ceases by aspiration of exudate 2 cases). Hepatic tenderness, fever, 


and leukocytosis were preser 1 all cases. 
Live Function Studices.—Plasma cholinesterase determinations were performed by the 
procedure of Michel!® with the slight modification of using acetylcholine bromide in place 
salt. Bromsulphalein retention was measured 45 minutes after injection of 5 
of hody weight Serum bilirubin was estimated by the procedure of Malloy and 
Evelyn.! Cephalin flocculation was measured by a turbidimetric modification*® of Hanger’s 
procedure Thymol turbidity was estimated by Shank and Hoagland’s modification of 
Maclagan’s technique!* and zine and phenol turbidities according to the methods of Kunkel 


and associates 


Control val for these tests were obtained simultaneously from Egyptians who were 
apparently in good health. Mean control values and ranges (mean +2 s.d.) were as follows: 


cholinesterase, 0.99 (0.44 to 1.54 pH units (4 pH/hour); bilirubin, 9.50 (0.00 to 1.00) mg 
per cent; cephalin turbidity, 2. 0.0 to 5.6) turbidity units; thymol turbidity, 2.6 (0.0 t 
5.2) units; zine turbidity, 13.5 (6.0 to 21.0) units; and phenol turbidity, 20.: 
RESULTS 
Plasma Cholinesterase. Table III and Fig. 1). Of the 25 Group I patients 
tested for this enzyme, 2 (8 per cent) had abnormally low values. The mean 
value for that group was 0.74 pH units. In contrast, abnormal values were 


noted in 13 (62 per cent) of 21 patients with clinieal evidence of amebie 


hepatitis Group II) and in all 3 100 per cent of those with proved hepatie 


abscess (Group IIT) in whom the test was performed.+ The mean values in 
Group IT and Group IIT were 0.39 and 0.21 pH units, respectively. 
Bromsulphalein Retention.—Two (4 per cent) of the 55 patients in Group | 
had increased B.S.P. retention. The group mean was 1.2 per cent. Increased 
retention was noted in 7 (17 per cent) of the 41 Group IT patients, and in all 5 
100 per cent) of Group III. The means of Groups IT and IIT were 3.3 and 
14.8 per cent, respectively. 
Serum Bilirubin.—Abnormal serum bilirubin levels were noted in one patient 
2 per cent) of Group I; in 2 (5 per cent) of Group I; and in none of Group 


*In order to quantitate readings, 48-hour cephalin flocculation tests were read in the 
spectrophotometer Only the supernatant portion was read if the samples had flocculated. 
ttilizing a group of normal controls with negative flocculation tests, a semilogarithmic curve 
fper cent transmission versus turbidity units) vas established in which all negative tests 
read under 5 units and the highest possible (4+) test would read 25 units (complete floc- 
culation 100 per cent transmission) The equivalent range of flocculation versus turbidity 
units, then, was negative flocculation, under 5 units 1+ flocculation, 5 to 10 units 2+, 10 
to 15 units; 3+, 15 to 20 units; and 4+, 20 to 25 units 

tSubsequent to this study another case of proved amebic liver abscess was investigated 
Plasma cholinesterase ante mortem was 0.21 pH/hour (Personal communication , 
Burns, M.D.) 
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LIVER FUNCTION TESTS IN HEPATIC AMEBIASIS 


I1f. The means of Groups I, II, and II were 0.43, 0.87, and 0.81 mg. per eent, 
respectively. 

Cephalin, Thymol, and Zine Turbidities——Cephalin turbidities were ab 
normal in 48 per cent of Group T, 40 per cent of IT, and 100 per cent of TIT. 
Abnormal thymol turbidities were noted in 11 per cent ot Group I, 10 per cent 
of II, and O per cent of II] As regards zine turbidity, 22 per cent of Group 
I were elevated, 24 per cent of IT, and 40 per cent of ITT. 

Phenol Turbidity. Total lipids, as estimated hy the phenol turbidity, were 
depressed (below 10.0 turbidity units) in 5 (9 per cent) of the 55 patients In 
(rroup I. Depressed values were noted in 9 (22 per cent otf Group Il and in 
all 5 (100 per cent) of Group LIT. 


Observations During Therapy.—Since the purpose of the present report 
was to evaluate liver function tests as indicators of hepatie involvement in 
amebiasis, only observations made before specific therapy have been considered 
in detail specific therapy consisted of oxytetracyeline, chlorotetraeyeline, 


fumagillin, Diodoquin, chloroquine, or emetine, singly or in combination’*-'* 


It should be noted, however, that serial determinations during and after therapy 


vielded additional information regarding the value of the tests. This was par- 
ticularly true of cholinesterase values in patients who received drugs subse- 
quently shown to be ineffective against hepatie amebiasis. Plasma cholinesterase 
levels became depressed in an additional 4 patients of Group I during such 
treatment, making a total of 6, or 24 per cent, abnormal. In Group II, on the 


other hand, 7 of the 8 who had had normal values before treatment subsequently 


showed low values during treatment. Twenty (95 per cent) of the 21 patients 


in (rroup Il, then, demonstrated abnormal cholinesterase levels during the first 
few weeks of hospitalization. As exemplified by Fig. 2 these abnormal values 


tended to become normal during or after specifie therapy. 


CASE REPORTS 
In order to illustrate the clinieal findings and course in patients considered 
to have hepatie amebiasis, detailed reports are presented of a patient from each 
of Groups IT and IIT. 


CASE 1 Amebie hepatitis and probable abscess. A 50-year-old Egyptian man was ad 


mitted with a one-month history of bloody diarrhea, anorexia, nausea, vomiting, and abdominal 


pain (especially right upper quadrant ). (Apparently the patient had had similar, though 


apparently less severe, bouts for the previous 10 years. He had been treated for urinary 


bilharziasis 16 years prior to admission. 

Physical examination on admission revealed wasting, dehydration, and a friction rub 
over the liver in the right eighth and ninth interspaces in the anterior axillary line. Marked 
liver tenderness with guarding in the right upper quadrant, generalized abdominal tenderness, 
and hyperperistalsis were also noted. Proctoscopy demonstrated inflammation and ulceration 
of the reetal mucosa. Proctoseopie and liquid bloody stool specimens 


revealed numerous 


trophozoites of Endamov ba histolytica, many containing ingested red blood cells. Peripheral 
white blood cells numbered 37,800 with a shift to the left. 
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Fig. 2 Acute amebic hepatitis and probable abscess in a 50-year-old man E eme 
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(Case No. 1) 
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Liver function tests on admission revealed marked abnormalities (Fig. 2). The patient 


Was given supportive and symptomatic therapy and placed on emetine (0.065 Gm. daily) and 
erythromyein (3.0 Gm, daily In spite of this therapy, however, the disease clinically ap 


peared to be progressing. Erythromycin was discontinued; penicillin and dihydrostreptomyein 


were added to the regimen, followed by Milibis. Nevertheless, the patient continued a down- 
hill course and appeared to be approaching a terminal state. In an attempt to reverse the 
process, cortisone therapy was instituted (0.1 Gm. daily) and the patient was given several 
whole blood transfusions. On this combined therapy the patient gradually began to improve. 
He became more alert and cooperative and fluid balance was restored. During the 10 days 
of cortisone therapy, liver tenderness and fever diminished; white counts became normal; 
and liver function tests returned t or 


i to, 


toward, normal limits. Following cessation of 


hormone therapy there was a slight return of fever, leukocytosis, and liver tenderness, as- 


sociated with a transient exacerbation of two of the abnormal liver function tests 


cholinesterase and phenol turbidity. After the Milibis therapy was terminated, the patient 


was given a 2-week course of chloroquine (8.0 Gm. Subsequent recovery was uneventful. 


Several follow-up examinations during 7 months subsequent to discharge revealed no evidence 
of recurrence of either colonic or hepatic ameb 


“SIS, 


Case 2.—Fatal Amebic Abscess. \ 65-year-old Egyptian man was admitted with a 


3S-month history of bloody diarrhea, cramps, anorexia, and weight loss. The patient denied 
previous episodes of a similar nature, but his history was considered generally unreliable. 


Physical examination on admission revealed weight loss, basilar pneumonitis in the right 
lung 


g, moderate liver tenderness, and generalized abdominal tenderness. Proctoscopy demon- 
strated ulcerative lesions both of amebie and bilharzial origin. Liver function studies 
revealed gross abnormalities in the following tests: cholinesterase 0.22 pH units; phenol 
turbidity 6.2 units; B.S.P. retention 10.2 per cent; and cephalin turbidity 16.7 units. Zine 
and thymol turbidities and serum bilirubin were not significantly abnormal. White blood 


cells numbered 23,000 with a shift to the left. 


Initially, the patient made a fairly good response to oxytetracycline therapy with 
lecrease in cramps and diarrhea. Following a 2-week course of this antibiotic he was put 
on a course of Fuadin therapy for bilharziasis. The patient subsequently suffered a relapse 


dysentery, with increased right upper quadrant pain and fever. He followed a 


progressive downhill course in spite of oxytetracycline 


of amebiec 


and chloroquine therapy and expired 


on the thirty-second hospital day. Autopsy revealed a large amebic abscess in the dia- 


phragmatic aspect of the right lobe of the liver and moderately advanced bilharzial cirrhosis. 


DISCUSSION 


In order to compare the findings in the 3 groups of patients and to evaluate 
the results statistically, it was essential to determine whether factors other than 


hepatie amebiasis might have caused differences in values among the groups. 
One possible 


‘actor was that many patients had other parasitic infestations. 
That such co-existent diseases probably did not play a significant role in the 
differences, however, is indicated by the similar proportions of the groups found 
to be infested with Bilharzia (53 to 65 per cent) or hookworm (30 to 35 per cent). 
Another factor investigated was that of age, for a comparison of the mean ages 
indieated a significant difference between Groups I and II (P < 0.05) and be- 
tween Groups I and III (P < 0.01) (Table 1). Analysis of the plasma cholin- 
esterase by age showed that the mean value for Group I subjects under 30 years 
was exactly the same as for those over 30 years (0.74 pH/hour in both eases). It 


is probable, then, that age was not a factor in the cholinesterase differences among 
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the groups. Others have noted greater susceptibility to amebie hepatitis and 


abseess in the higher age groups." The mean age differences of the groups in 
the present series may represent such an increased susceptibility. 

For statistical evaluation of the various liver function tests under study, 
chi square (,*) was determined for the numbers of abnormal versus normal tests 
in Groups II and IIL versus Group [2° In a comparison of Group | and Group 
IT, plasma cholinesterase was the only liver function test that showed a signifieant 
difference (Table II] It is interesting to note that in two other tests, B.S.P. 
retention and phenol turbidity, chi square approached, but did not reach, sig 
nifieanee. 


TABLE IIT. Liver Function Strvupties 


NO. 
TESTED 


NO, AB- 
NORMAL 


PER CENT P 


TEST GROUP ABNORMAIT 


DIFF. MEAN |! 


Cholines | 25 y s 
terase II 21 
II] ) 


§2 < <0.01 

0.01 
B.S.P I 51 
I] 15 


retention 


Bilirubin 55 
+] 


0.05, »0.0)] 


0.01 


N. 8. 
0.01 


Cephalin 
turbidity 


Thymol 


turbidity 


y. S. 3.3 2.23 <0.05, 
0.01 


100 0.0] 


significant 
" Chi 
compared to Group 
t Student's “'t 
Ill compared 


Square computed for each of Groups II and III on fourfold continge 
table 


test 
to Group I 


computed for difference between each 


I! ind 


A comparison of liver abscess Group IIT to Group [ showed significant 


differences for cholinesterase, B.S.P. retention, and phenol turbidity; all of the 


abscess patients showed abnormal values for these tests. Cephalin turbidity 
was also abnormal in these patients, but since it was abnormal in sueh a high 
proportion ot (rroup | eases (48 per eent), 


the difference was not signifieant. 


In order to evaluate group liver function, in contrast to that of individuals, 
mean values for each of the tests were also analyzed (Table III).* The results 
further confirmed the disturbance of cholinesterase, total lipids (phenol tur- 
bidity 


, and B.S.P. exeretion in the amebie hepatitis patients. It also indicated 


*Statistical signifi 
between the means 


ince was measured by the “t” test on the basis of the differences 
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an abnormal mean bilirubin in the abseess patients, even though none of the 
patients had significantly abnormal bilirubin levels. Such a seeming diserepaney 
may indicate some bilirubin retention, but not enough to be useful in the 
diagnosis of individual cases. The question arises whether the high incidence 
of abnormal zine and cephalin turbidities (22 and 48 per cent, respectively) 
present in Group I may not have been an indication of early hepatic amebiasis 
even in that group. <A similar finding was observed in other patients even months 
after successful treatment for such diseases as typhoid, typhus, and brucellosis. 
This fact plus the lack of an inereased incidence of these abnormalities in 
Group IT suggest that the frequent abnormal zine and cephalin turbidities in 
Group I refleet a basie disease process in our patients, probably involving liver 
funetion and gamma globulin production. Among the endemic diseases common 
in our patients, Bilharzia was the most frequent. That disease is known to cause 
cirrhosis of the liver and is possibly the main factor in the Group I abnormalities. 

It has been demonstrated that malnutrition is often accompanied by depres 
sion of serum cholinesterase.2* Such a state was present in a fair number of 
the subjects constituting the present series and may have played a greater role in 
the lower mean cholinesterase of Group I (0.74 A pI1/hr.) than noted in a series 
of normal well-nourished Egyptians (0.99 A pH/hr.). However, malnutrition 
did not appear to play a significant role in the cholinesterase differences among 
the groups under consideration. For example, while some of the normal values 
observed in Group I were in undernourished patients, one of the lowest values 
in the series (0.22 pH/hr.) occurred in a well-nourished middle-aged man with 
liver abscess. Similarly, low phenol turbidity (total lipids) may be associated 
with malnutrition. As in the case of cholinesterase, however, malnutrition ap 
parently did not play a significant role in the phenol turbidity differences noted 
among the present groups. 

There is general agreement that plasma cholinesterase is produced by the 
liver and that its measurement is useful as a test of liver funetion.?*-*? It appears 
that it is associated with protein synthesis, and changes in cholinesterase levels 
parallel those of albumin. In regard to its value relative to other liver function 
tests it appears to be partieularly valuable in chronic or severe disease of the 
liver é.@.. eirrhosis or toxie hepatitis and useful as a prognostic aid.?!~? 8 
Some investigators state that it is also valuable in acute viral hepatitis, especially 
when used serially.2* ** Although two eases of liver abscess due to aectinomycosis 
were deseribed in the first report of the use of cholinesterase as a test of liver 
function,” we have not found any reports of it in amebie hepatitis or amebie 
abseess of the liver.. The present series indieates a special value of that test in 
such eonditions and suggests that it may be a means to earlier recognition and 
treatment of significant hepatic amebiasis. It should be emphasized that plasma 
cholinesterase alone would be of no particular value in differentiating a low- 


grade amebie process of the liver from other chronie liver disease, since both 


types would tend to depress the values. Depressed values would be particularly 


suggestive of liver involvement, however, in cases under treatment for proved 
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amebiasis. Similarly, it would suggest the possiblity of hepatic amebiasis in the 
differential diagnosis of right upper quadrant pain, especially when associated 
with liver tenderness, fever, leukocytosis, and accompanied by other normal 
liver function tests (bilirubin and thymol turbidity, in particular). 

Although there was a general correlation in the present series between the 
severity of the liver involvement and the degree of cholinesterase depression, 
one could not use the latter as more than a rough prognostie aid. For example, 
cholinesterase levels were 0.14 and 0.22 pH/hr. in two patients with fatal liver 
abseesses, but similar levels were observed in 8 of the 21 patients with amebie 
hepatitis in whom the enzyme was measured. It was one of the latter who 
showed the lowest value of the entire series (0.049 pI units) .* 

Subsequent to the completion of this study, Brem reported on the liver 
function tests in 10 eases of amebie abscess of the liver. Similar to the present 
series, cephalin flocculation, thymol turbidity, and bilirubin were unaltered, 
whereas B.S.P. retention was found in 5 of 8 eases. In addition, that author 
observed elevated alkaline phosphatase in the same proportion of eases. Un- 
fortunately, alkaline phosphatase levels were not determined in our eases, nor 
were cholinesterase determinations performed in Brem’s series. It would eer- 
tainly be interesting and worth while to know the levels of both enzymes in 
eases suspected of having amebie abscess of the liver, particularly in view of 
the apparently divergent mechanisms by which they become abnormal in liver 
disease. 


SUMMARY AND CONCLUSIONS 


1. A series of 101 patients with amebiasis were classified into 3 groups as 
regards degree of liver involvement. Classification was based primarily on 4 
eriteria: liver tenderness, fever, leukocytosis, and actual demonstration of 
abscess. Fifty-five eases were thereby considered to have had no definite evidence 


of hepatic amebiasis (Group I); 41 eases were classified as having had amebie 


hepatitis with no demonstrable abscess (Group IT); and 5 eases were proved 


to have had hepatie abscess (Group II] 


2. A series of 7 liver funetion tests was studied in those patients. Plasma 


cholinesterase was found to be the only test that was significantly abnormal in 
hoth Groups IT (66 per cent) and TIT (100 per cent) as compared to Group 1 
S per eent 


3. B.S.P. retention and total lipids (phenol turbidity) showed an increased 
proportion of abnormals in Group IT, a trend which beeame significant in the 
abscess cases (Group ITT). 

+. Cephalin turbidity showed a high pereentage of abnormals in abscess 
eases (100 per cent) and in the hepatitis group (40 per cent). Beeause of a 
large number of abnormals in Group I, however, cephalin turbidity could not 
be considered of specifie value in the present series. 

*It is of interest to note that this particular patient probably had a liver abscess and 


that the only type of amebae found in his stool on repeated examinations was the small rac 
of BF. histolytica, considered to be nonpathogenic by some authorities. 
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5. The other 3 tests (bilirubin, thymol, and zine turbidities) showed no 
significant trends to indicate hepatic amebiasis. 


6. It is coneluded that, of the liver function tests studied, plasma cholin 


‘sterase was the most useful to indicate involvement of the liver in patients with 


proved amebiasis. In addition, a depressed value might suggest such a process 


in the differential diagnosis of right upper quadrant pain, when associated with 
liver tenderness, fever, and leukocytosis, even in patients without established 


amebie disease. 


The cholinesterase determinations were performed by Vahram Kardashian. Major 
contributions to other liver function determinations were made by W. W. Whittock, USN, 
A. Balekjian, and A. Atatla. In addition, we wish to express our thanks for the generous 
aid and cooperation of Drs. Richard C. Smith, Sami I. Said, and Thomas W. 


Burns and of 
the chief nurse, Emam Ismail. 
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THE BASE BINDING PROPERTY OF THE SERUM PROTEINS WITH 
RESPECT TO CALCIUM 


ANANDA S. Prasap, M.B., B.S., Puo.D., ANb EpMUND B. FLInK, M.D., Px.D. 


MINNEAPOLIS, MINN. 


R' INA and Takahashi’ first showed that calcium in serum exists in two forms, 


diffusible and nondiffusible, and suggested that the latter is bound to 


proteins. McLean and Iastings* found that the diffusible form was mostly 
ionie and the nondiffusible form was mostly bound to the proteins in a reversible 
combination which obeyed the law of mass action. Some workers* * believed that 
almost all of the binding of calcium is with the serum albumin; on the other 
hand, evidences have been presented to show that the globulins also bind eal 
cium. However, the base binding property of the different globulin fractions 
with respect to calcium in the normal and abnormal sera has not been investi 


gated. An attempt was made to study this aspect 


MATERIALS AND METHODS 


d into 4 groups. The groups included normal subjects and f 


eases ot 


verglobulinemia (exclusive of multiple myeloma), and 


ypoproteinemia 
rmal serum inorganic phosphate. 

The blood was collected under oil. Plasma total and ultrafiltrable calcium were deter 

I le by the Clark-Collip modification of Kramer-Tisdall method.! Ultra 

the technique described by us previously.® Tota 


method.1 


protein was deter 
Paper electrophoresis was used to determine the different 
the serum proteins.11 Nonultrafiltrable calcium was calculated in mM.,Kg. 
MeLean and Hastings? formula for correction of the volume vecupied bv the 
components were expressed as frac 
The albumin was expressed in terms of mM./Kg. H.O using 


The nonultrafiltrable calcium was 


sera. Different prote'n 


plotted against the 
proteins on arithmatie graph paper. Curves were deter 
squares. Correlation coefficient and standard error for each 
ealeulated statistically. 


RESULTS 


Fig. 


| shows the curve for the albumin and the nonultrafiltrable caleium 
relationship for all the 4 groups when both were expressed in mM./Kg. H.O. 
A definite relationship was noted indicating that albumin binds ealeium and the 
re lationship between the two could be expressed as \ 
slope and b the intercept of the eurve. 
1.23 and b equaled 0.70. 


mx+b, where m is the 
In our case, the m was ealeulated to be 
It is assumed that the constant b represents the non- 


ultrafiltrable calcium which is independent of albumin in the sera. From the 
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above approximately 1.23 moles of nonultrafiltrable calcium is bound to one 
mole of albumin. A higher intercept b would be obtained if one considered only 


the hyperglobulinemia group which would indicate that a greater than normal 
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amount of nonultrafiltrable calcium is bound to substances in plasma other than 
the albumin. IHlowever, as determined by the slope of the curve, it appeared that 
the ealcium-albumin relationship remained the same in all the groups considered. 
The correlation coefficient (r) was 0.8 and the standard error (s. e.) was 0.14. 
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Fig. 2 shows the curve for the alpha globulin and the nonultrafiltrable eal 
clum relationship. Very little or no correlation between the two was observed 
in all the groups. For Group I, r 0.5, 5. € 0.3; Group II, r = 0.5, s. e. 
0.58; Group IT], r 0.45, s. e. 0.32; and Group LV, r 0.7, and s. e. 0.5. 
This indicates that very little nonultrafiltrable calcium was bound to this fraction 


or a constant amount was present in this fraction in all the cases 
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ig. 3 shows the curve for the beta globulin and nonultrafiltrable ealeium 
relationship. Significant positive correlation was observed in Group I (r 0.7, 
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Ss. @ 0.3) and Group III (r = 0.76, s. e. = 0.32) indicating that this globulin 


bound ecaleium. In Group IJ the correlation was positive but statistically not 


significant (r 0.43, s. e. 0.38). In Group TV, the correlation was negative 
although statistically not signifieant (1 0.75, s.e. = 0.5). 

lig. + shows the relationship between the gamma globulin and the nonultra 
filtrable caleium. In Group I no correlation was found (r = 0.2 and s. e. = 0.3 
In Group IL a significant positive correlation was observed (r = 0.8, s. e. = 0.39 
In Group IIT the correlation was negative and statistieally significant (r 0.5 
and s. e. 0.33). This indieated that with increasing concentration of gamma 
globulin, there was a deerease in binding effect of calcium. For Group IV, r 


0.82 and s. e. 0.5 


As a gross approximation in the normal, 50 to 55 per cent of the nonultra- 
filtrable calcium appeared to be bound with the albumin. The rest appeared 
to be bound with the beta globulin and cephalin as reported by Drinker and 
Zinsser,'* whereas the alpha and the gamma globulins accounted for only small 
amounts of nonultrafiltrable ealeium. 


DISCUSSION 


Although the statistical analysis used here can give only a gross approxima 
tion, a few qualitative and quantitative results are worth mentioning. The re- 
sults indicate that probably each serum protein fraction binds calcium. A good 
correlation between the alpha and the gamma globulins with the nonultrafiltrable 
calcium in the normal, was not apparent in our analysis. The reason for this 
is that normally these fractions comprise only a small part of the total protein 
pool. Furthermore, the alpha globulin is a heterogenous mixture which partly 
accounts for the lack of a good correlation. Possibly a better correlation might 
have been observed if alpha-1 and alpha-2 globulins were plotted separately. 
A definite negative correlation between gamma globulin and nonultrafiltrable 
calcium in Group IIT and probable negative correlation between the beta globulin 
and nonultrafiltrable calcium in Group IV was observed. The exact significance 
is not quite clear except that a definite qualitative change in the binding property 
has occurred. This meant that an increasing concentration of these protein 
fractions inhibited calcium binding. Reeently it has been noted that there is 
polymerization of gamma globulin in instances of macroglobulinemia and the 
inhibitory calcium binding effect could be explained if polymerization of the 
globulins occurred under these cireumstanees,’® although the globulins under 
discussion are not macroglobulins. 

Gutman and Gutman® by a similar statistical analvsis presented the follow 
ing regression equation: Total caleium m, albumin + m. globulin fraction 
If + m, globulin fraction I + b, where b 5.8 + 0.2, m, 0.7-0.9, m. 1.0+0.5 
and m 0.1-0.2 (all globulin in exeess of 3.0 Gm. per cent total globulin), when 
all the values were expressed in terms of milligrams per cent. It appears that 
their globulin fraction | would correspond to the gamma globulin of our Group 
Ilt. They did not include any cases of multiple myeloma in their study. 
Globulin fraction II probably represented the alpha and the beta globulins. 
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Rawson and Sunderman® reported a sixfold increase in the binding of ecal- 
cium with the albumin in one case of multiple myeloma. However, in that case 
a high total caleium and a decreased ratio between the ultrafiltrable and the non- 
ultrafiltrable calcium was found. In our group of multiple myeloma such de- 
creased ratio between the ultrafiltrable and the nonultrafiltrable calcium was 
not found. Our results indicate that there is no marked change in the ealeium 
binding property of the albumin in all the groups studied. This would mean 
that the high protein-bound ealeium in cases of multiple myeloma associated 
with hyperealeemia is the result of hyperealeemia rather than the cause of it. 
This has been expressed by Gutman and Gutman.‘ 

The value for ealeium bound when converted to milligrams per cent equals 
0.713 mg. of calcium bound to 1 Gm. of albumin. This is in agreement with the 
value of 0.716 mg. of caleium bound to 1 Gm. of albumin as reported by McLean 
and Hastings. 

Difficulties due to the rapid decrease in the calcium binding properties of 
the serum proteins as a result of denaturation and many other technical prob- 
lems still make it difficult to approach the problem more directly. 

Caleium is reversibly bound to the proteins according to the law of mass 
action and not combined irreversibly as is usually implied by the use of the 
word “bound.” In all likelihood, there are quite as many undissociated calcium 
proteinates as there are discrete proteins in plasma and therefore total plasma 
nonultrafiltrable calcium moiety should be regarded as the summation of a large 
number of different protein-ealeium complexes. 


SUMMARY 


1. One mole of albumin appears to bind roughly 1.23 moles of caleium in the 
normal and hypoproteinemia groups. This relationship appears to remain un- 
changed in the other two groups associated with hyperglobulinemia. 


2. Alpha globulin appears te bind little calcium, if any at all, in all the 
fToOUups studied. 


3. Beta globulin binds some ealeium in the normal and hyperglobulinemia 
due to causes other than multiple myeloma. 


+. The gamma globulin in the normal group binds very little ealeitum. How- 


ever, in multiple myeloma with increased percentage of myeloma proteins, ap- 


preciable amount of calcium is bound to this fraction. In the ease of hyper- 
globulinemia due to causes other than multiple myeloma a marked change in the 
binding property is obvious. With increasing amounts of this globulin a de- 
creasing binding effect of calcium was observed. Polymerization as a possible 
explanation has been discussed to account for this behavior. 

5. Approximately 50 to 55 per cent of the nonultrafiltrable calcium is bound 
with the albumin in the normal group. The remaining nonultrafiltrable ealeium 
‘is in combination with beta globulin and eephalin. 


We are very grateful to Dr. Donald Amatuzio for his help in the analysis of data 


and criticism of the manuscript. 





PRASAD AND FLINK 


REFERENCES 


Rona, P., and Takahashi, D.: Beitrag Zur Frage nach dem Verhalten des Calciums in 
Serum, Biochem. Ztsehr. 49: 370, 1913. 

McLean, F. C., and Hastings, A. B.: The State of Caleium in Fluids of Bodv, J. Biol. 
Chem. 108: 285, 1935. 

Bendien, W. M., and Snapper, I.: Untersuchungen iiber die Binding der Kolloide des 
Serums mit Hilfe von Ultrafilterm erhéhter Durchlissigkeit, Biochem. Ztschr 
260: 105, 1933. 

Sehmidt, C. L. A., and Greenberg, D. M.: Occurrence, Transport and Regulation of 
Calcium, Magnesium and Phosphorus in Animal Organism, Physiol. Rev. 15: 207 
YD 

Drinker, N., Green, A. A., and Hastings, A. B.: Equilibria Between 
Purified Globulins, J. Biol. Chem. 181: 641, 1939. 

Gutman, A. B., and Gutman, E. B.: Relation of Serum Calcium to Serun 
Globulin, J. Clin. Invest. 16: 903, 1937. 

Loeb, R. F.: The Effect of Pure Protein Solutions and of Blood Serum on the 
bility of Calcium, .J. Gen. Physiol. 8: 451, 1926. 

Rawson, A. J., and Sunderman, F. W.: Calcium Binding Property of Serun 
J. Clin. Invest. 27: S82, 1948. 

Prasad, A. 8., and Flink, E. B.: Effeet of Carbon Dioxide on Concentration of Caleiun 
in an Ultrafiltrate of Serum Obtained by Centrifugation, J. Appl. Physiol. 10: 103 
1957. 

Weichselbaum, T. E.: An Accurate and Rapid Method for the Determination of 
Proteins in Small Amounts of Blood Serum and Plasma, Am. .J. Clin. Path. 
See. 10) 16: 40, 1946, 

Kunkel, H. G., and Tiselius, A.: Electrophoresis of Proteins on Filter Paper, J. 
Physiol. 35: SY, 1951. 

Greenberg, D. M.: Amino Acids and Proteins, Springfield, Ill., 1951, Charles C Thomas, 
p. 400, 

Hill, Bradford: Principles of Medical Statistics, ed, 

niversity Press, p. 157. 

Drinker, N., and Zinsser, H. H.: The Equilibrium Between Caleium 
in Various Svstems, .J. Biol. Chem. 148: 187, 1943. 

Clark, E. P., and Collip, J. B.: A Study of the Tisdall Method for the Determinatior 

Blood Calcium With Suggested Modification, J. Biol. Chem. 63: 461, 1925, 


vur, H., Zinneman, H. H., and Brij 


ggs, D. R.: Macroglobulinemia: Report of Two 


lee} 


(rer 


5. New York, 1952, Oxfor 


and Cephalir 


{ ases, To be published. 

Klotz, I. M.: The Application of the Law of Mass Action to Binding 
Interactions With Calcium, Arch, Biochem. 9: 109, 1946 

The Transport of Calcium in Plasma, Metabolie Interrelations, Trans 

Fifth Conference, New York, 1953, Josiah Maevy, 


bv Proteins 


Jr., Foundation, 





THE CATHEPTIC CONTRIBUTION TO BLOOD ACID PROTEASE 
H. M. Sprro, M.D., ano E. FrrepMan, M.D. 
New Haven, Conn. 


With THE TECHNICAL ASSISTANCE OF BEATRICE PASK AND NANCY TROCCHIO 


_ pampuinly measures of gastrie peptic secretion (blood pepsin and uropepsin 


are now widely used to provide an index of gastrie secretory activity.’ 
Certain discrepancies have prevented a categorical interpretation of the results, 
however. One of these is the observation that measurable protease activity 
still is found in the blood following total gastrectomy; such an operation might 
have been expected to remove all peptie activity.’ This residual acid protease 
activity may originate from peptic glands in the esophagus or in the small 
intestine, or may represent a ‘‘eathepsin.’’ The suggestion has even been made 
that the residual activity is an artefact and related to acid hydrolysis of the 
substrate. The work to be reported here is concerned with the possible ‘‘cathep- 


tie’’ origin of part of aeid protease activity. 


METHOD 


Blood proteolytic activity was measured at a final pH of 2.3 and at 3.7. Blood pepsin 
or ‘*plasma acid protease’’ is measured at pH 2.3 by a modification of Mirsky’s method 
and has been shown to reflect the potential peptic secretory ability of the stomach. 

Catheptic activity is defined for present purposes as proteolytic digestion of standardized 
hemoglobin subsirate at pH 3.5 to 4.0. Measurement of proteolytic activity at pH 3.5 was 
first described by Northrop* and re-emphasized by Merten. It has the advantage of measur 
ing protease activity at the range in which digestion probably takes place in the stomach. 
Activity of enzymes in vitro varies with metallic or organic activators, but also (and as 
importantly) with the substrate and the pH. Discussion of ‘‘catheptie’’ activity in this 
paper, therefore, must be understood to be applicable only within the specific experimental 
limits. Even with this narrowing of the meaning of catheptie activity, proteolysis at pH 
3.7 may represent the declining activity of pepsin at an increasingly alkaline pH as well 


as the optimum activity of cathepsin. 


Hemoglobin substrate was prepared in the usual way. To analyze for pepsin the plasma 
was activated at pH 2.3 as previously described. The substrate was prepared for estimating 
eathepsin by adding to hemoglobin solution, in a 4:1 ratio, a buffer solution prepared by 
adding 2.64 Gm. of (NH,).SO, to 77.1 ¢.c. of acetic acid and making up to 1,000 ¢.c. with dis 
tilled water. This gave a resulting pH of 3.55; the addition of 2 ¢.c. of plasma makes the 
final pH 3.7 Analysis was then carried out in duplicate as for pepsin. Acid hydrolysis 
of hemoglobin substrate at pH 3.7 produces considerable tyrosine in 24 hours (70 units), 


the amount of which must be accurately taken into account when enzyme activity is evaluated. 


From the Department of Internal Medicine, Yale University School of Medicine and the 
Grace-New Haven Hospital, New Haven, Conn 


This study was supported in part by a grant from the United States Public Health 
Service (C-2578-Physio) and the Stamford United Fund 


Received for publication July 1, 1957 


351 





SPIRO AND FRIEDMAN 4 


of ** pepsin?’ and ‘*eathepsin ”’ in the same blood sample were studied simul 
taneously and in duplicate in normal subjects and in patients with gastric hypersecretion oF 


vith varying degrees of gastrie secretory failure 


TABLE I. Bi Acip Prorease Activiry IN 71 SuBsects Wirt VARYING DEGREES oF 
GASTRIC SECRE' FUNCTION KAcH PAIR OF VALUES REPRESENTS A SEPARATE INDIVIDUAI 


NORMA SECRETION HY PERSECKETION HY POSECRETION 


pH 3.7 pH 2.3 pH 3.7 pu 2.3 pH 3.7 
520 660 570 165 $50 
520 615 $95 140 570 


150 640 545 260 TOO 


125 S00 530 275 530 
935 720 530 265 265 
570 800 175 280 170) 
100 820 625 180 
350 660 $50 200 
530 750 600 125 
yo SOO 500 Oi) 
515 R00 580 195 
H60 520 ~ 60 
650 160 240 
SO0 570 195 
S00 640 65 
SOO 70) 
0) 
550 
a30 
145 
515 
600 


tot) 


RESULTS 


Table I compares the average eathepsin and pepsin levels in a heterogeneous 


group of 71 subjects. In subjects with normal pepsin levels there is a slight 


increase in the aetivity of the blood measured at pH 3.7; the average pepsin 


level is 404 units, while the average cathepsin level is 437 units, not a significant 
change. Blood pepsin levels in a group of patients with duodenal uleer (or 
hypersecretion) are considerably higher than the cathepsin levels. There is a 
drop from the average pepsin value of 673 units to a eathepsin level of 525 units. 
In patients with gastric secretory failure, the low pepsin levels are associated 
with normal cathepsin activity. The average pepsin value is 214 units, while 
the average cathepsin value is 458 units. The average cathepsin value of the 
normal subjects and of the group with anacidity is somewhat lower than that 
in the group with the peptie uleer or hyperseeretion. Table II demonstrates 
that following total gastrectomy the residual pepsin level increases from 65 
units at a pH of 2.8 to 365 units at pH 3.5. The pepsin value drops following 
subtotal gastrectomy but the eathepsin level is maintained at an almost pre 
operative level 





CATHEPTIC CONTRIBUTION TO BLOOD ACID PROTEASE 


TABLE II. CHANGE IN BLoop Acip ProTEASE Activity FOLLOWING GASTRIC SuRGERY. NOTH 
THE MAGNITUDE OF CHANGE IN BLoop ‘‘PEPSIN’’ AND THE SMALLER DEGREE OF CHANGE IN 
BLoop ‘* CATHEPSIN ’”’ 


DUODENAL ULCER HEMIGASTRECTOMY TOTAL GASTRECTOM ¥ 
Blood ‘* pepsin’? 
tvrosine units 630 


Blood **<« athepsin ’’ 


tvrosine units 160 


COMMEN' 


These results suggest that the major contribution to acid proteolytic activity 
in the blood above 500 units in duodenal ulcer and in gastrie hypersecretion arises 
primarily from the aetivity of the peptie glands. The residual acid proteolytic 
activity in total gast rectomy may be considered a contribution of ‘‘cathepsin. ”’ 
Its origin from a source outside the stomach that secretes pepsin seems unlikely. 
When known amounts of pepsin are added to the blood, measurable peptic acivity 
diminishes as the pH is made inereasingly alkaline; after total gastrectomy) 
residual ‘‘ pepsin’? would have given maximal aetivity at pH 2.3, with a decrease 
at plf 3.5, rather than the reverse as found here 

The cathepsin level seems to be completely independent of stomach activity 
since it is not affected by removal of part of the stomach. The values found 


after total gastrectomy, which are lower than those found in achylia, suggest 


that a small part of the activity measured at pH 3.7 may indeed be peptic 


in origin and that residual pepsin cells remaining after gastric atrophy have 
been removed by total gastrectomy. Such residual cells can be recognized at 
gastric biopsy. In any ease, pepsin from such residual cells apparently repre- 
sents only a small portion of the total acid protease activity. 

It appears that cathepsin may be affected by faetors other than gastric 
secretory activity For example, duodenal uleer patients usually demonstrate 
a decrease in enzyme activity at a pH of 3.7, but sometimes the decrease is 
small, and the reason for this is uncertain. In jaundice the cathepsin level is 
markedly increased out of all proportion to the pepsin levels; the significance 
of this is under study. 

The present results are in general agreement with those of European 
investigators using different methods. Baur*® has found the lowest catheptic 
values in the urine to occur in patients with achylia and chronie gastritis. 
Following subtotal gastrectomy he did not find uroecathepsin changed from 
normal and interpreted this to mean that the fundus of the stomach secretes 
urocathepsin. Buehs,? however, unable to separate pepsin and eathepsin from 
‘ach other, has suggested that they are part of the same substance. Pfisterer® 
demonstrated gastrie cathepsin and pepsin activity to be elevated in duodenal 
uleer preoperatively, but found that following operation, peptic activity 
decreases while catheptic activity remains unchanged. 

West® and others have measured ‘‘uropepsin’’ activity at a pH above 4.9 
and find no change in this enzyme following subtotal gastrectomy. Studies 


here related have demonstrated that the pepsin levels drop after subtotal 
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gastrectomy, but that ‘‘ecathepsin’’ is relatively unchanged. We have not meas- 
ured the so-called ‘‘peptic’’ activity in the urine by West’s method but the 
persistence of unchanged eatheptie activity in the blood does suggest that, if 
comparisons may be validly drawn, the West method of ‘‘uropepsin’’ activity 
measures a eatheptie enzyme which may parallel peptie activity, but which 
does not necessarily do so. 

Certain conclusions appear justified. 

l. The proteolytic activity of the blood at pH 3.7, which may be ealled 
‘eathepsin,’’ is not entirely related to the amount of functioning gastrie mucosa, 
since it is approximately the same in duodenal ulcer subjects, subjects with 
subtotal gastrectomy, and in patients with gastrie seeretory failure. 

2. The site of ecatheptic production must, therefore, be outside the stomach. 

3. If the results were simply a matter of inhibition of cathepsin by pepsin, 
patients with subtotal gastrectomy ought to have higher than normal levels at 
pH 3.5, since there is less pepsin at this pII. This is not the case, however. 


These results suggest that measurement of acid protease activity as a rough 


index of gastrie secretory potential is most validly carried out at a moderately 


acid pH. Discrepancies in the methods used by different investigators may 
account for varving recorded results. 
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ALIMENTARY LIPEMIA AND CORONARY ARTERY DISEASE 
IN TWO RACTAL GROUPS 
ARNOLD M. WEISSLER, M.D., WILLIAM Suapiro, M.D., 
JOHN S. GASKIN, JR., B.A. 
DurHAM, N. C. 


INCE the suggestion of Moreton’? that atheromatous lesions may represent 

lipid deposition secondary to recurrent postprandial elevations of chylo- 
microns in serum, there has been considerable interest in the significance of 
alimentary lipemia in the etiology of atherosclerosis. Studies attempting to 
demonstrate differences in lipemia curves between normal and atherosclerotic 
individuals have not yielded uniform results. Abnormal elevations in fasting 
and postprandial plasma turbidity and chylomicron counts have been reported 
in patients with coronary artery disease by some investigators,*° while others 
have been unable to demonstrate such differences." 

Alimentary lipemia is demonstrable to some degree in all normal individuals 
after a fatty meal. If the intensity of this phenomenon is related to the develop- 
ment of coronary artery disease, then it might be expected that populations mani- 
festing a higher incidence of this disease would demonstrate a greater degree of 
postprandial lipemia prior to the development of overt disease. 


In recent years, attention has been foeused upon the significant differences 


in the ineidence of coronary atherosclerosis among various population groups 


throughout the world.® There is evidence indicating that the susceptibility to 
this disease among the Negro population in this area is less than in the white.’® ™! 
The purpose of the present study was to ascertain whether such a racial differ- 
ence in the incidence of myocardial infarction was present in this institution and 
to compare tests of alimentary lipemia in groups of young Negro and white 
patients. 
MATERIALS AND METHODS 
Twenty-six white and 26 Negro male hospital patients between 20 and 47 


vears of 


ag 


e and without evidence of gastrointestinal or cardiovascular disease were studied. These 
individuals had been following their usual dietary habits prior to hospitalization and were 
studied during the first week of their admission, while they were subsisting on 3,000 calorie 
house diets (150 Gm. fat). The studies were begun in the morning following a 10-hour 
fast. Two control samples of venous blood were drawn into heparinized syringes through 
indwelling needles. Following this, each subject was given 100 ml. of 10 per cent cream 
per square meter of body surface area, and hourly plasma specimens were taken. No other 
food was allowed during the 6-hour observation period. Smoking was interdicted and ae 
tivity was restricted to bed or chair rest. Optical densities were read against a water 
blank in a Beckman DU spectrophotometer at a wave length of 650 my after the plasma 
was separated by centrifugation at 2,500 r.p.m. for 15 miuutes. 
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yurly values were plotted linearly and the areas under the curves 
planimetric integration. The group means for control and hourly values, as 


as areas under the curves were compared statistically according to methods outlined 


Snedecor 


200 


~—-white 
—negro 
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RESULTS 


An estimate of the relative incidence of acute myocardial infarction among 
white and Negro male patients in this area was made from an analysis of all 
admissions to the Dukgham V. A. Hospital from the time of its opening in April, 
1953, to Deeember, 1956. Two hundred and eighty cases of documented 

electrocardiogram and/or necropsy) myoeardial infaretion were admitted 
during this period. The incidence of this disease, corrected for the relative 
admission rate . was found to be 2.2 white to 1 Negro. 

The results of the tests of alimentary lipemia are summarized in Table I 
and Fig. 1. When the hourly mean optical densities are compared, no signif 
icant differences between the white and Negro groups were noted. Similarly 
the mean values for the areas under the lipemia curves were not significantly 
different In an attempt to distinguish a possible difference in the occurrence 
of individual abnormal responses between the two groups, those subjects 


having 2 or more hourly levels greater than the mean plus 2 standard devia 


tions were separated. Three white and 4 Negro patients fell into this group. 
Under the conditions of the present report and with the criteria employed, th 
2 groups of patients behaved as if they were eulled from the same population 

A considerable variability in the degree of serum density following the 
] 


standard meal was observed between individuals in each of the groups. This 


was manifest in the large standard deviations of the hourly mean values. 
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ey spite these large differences among individuals, a fair degree of re produci- 
bility of serial lipemia curves 
found (Fig. 2 


tf to 5 days apart) in the same subject was 
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PLASMA OPTI¢ AND NEGRO SUBJECTS 


AREA 
UNDER 


I l 2 } i 5 
0.060 0.065 0.166 0.117 
* 0.021 + 0.029 + (O87 + 0.074 


0.066 0.080 0.156 0.120 0.094 
+ 0.015 + 0.048 +() oS] + 0.056 +O0.012 


Beckman readings ire included in parentheses. 


DISCUSSION 


Although overlap with the responses of a normal population has been 


found, unusual prolongation or elevation of postalimentary lipemia as judged 
by serum density and chylomicron counts have been reported in patients with 
established coronary artery disease. If these differences are a reflection of a 
basie alteration in lipid metabolism which when operating over many years 
results in the atherosclerotic lesion, this phenomenon might be expected to be 
demonstrable in younger individuals predisposed to the development of this 


lesion 
The groups presented here are representatives of a population in which 
the incidence of proved myocardial infarction in Negroes is 45 per cent of that 


in the Caueasians. Although this difference in incidence is not as great as that 
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observed in other parts of the world, it was nevertheless thought sufficiently 
large to serve as a basis for experimental studies. No significant differences 
between these representative groups were found in their responses to the test 
of alimentary lipemia deseribed above. 

Moreton suggested that chylomicrons per se might be an important factor 
in determining the widespread prevalence of the atherosclerotic lesion, operat 


ing much in the same manner as do colloidal particles in animal studies.’ 


Subsequent investigators have implicated an intensified degree of alimentary 


lipemia in the pathogenesis of this process. The present data, while not illu 
minating further whether lipid particles are injurious to the arterial wall, ar 
not consistent with the view that intensification of postalimentary lipemia 
plays a significant role in this process. 

The prolonged or elevated lipemia curves found by others in cases of myo 
cardial infaretion remain an interesting and unexplained phenomenon. The 
relationship of this finding to the pathogenesis of atheroselerosis is still uneer- 
tain. Factors such as stress, diminished physical activity, and altered dietary 
habits are still to be investigated as possible alternate explanations for these 
findings. 


SUMMARY 


Six-hour postalimentary plasma turbidity curves were studied in 26 white 
and 26 Negro patients without evidence of coronary artery disease. The rela 
tive incidence of documented myocardial infarction in the population from 
which this group was selected is 2.2 white to 1 Negro. No differences in the 
degree of alimentary lipemia or in the number of individual abnormal 
responses were found. These data are not consistent with the view that intensi 
fied alimentary lipemia is a significant predisposing etiologie factor in coronary 
artery disease. 
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FURTHER STUDIES ON THE ERYTHROCYTE CONCENTRATION OF 
POTASSIUM IN CONDITIONS OF ILYPONATREMIA 
AND HYPERNATREMIA 
JaMES W. AGNaA, M.D..* anp Harvey C. KNow.Les, Jr., M.D. 


CINCINNATI, OHIO 


INTRODUCTION 


[* A PREVIOUS report, evidence of a relation between the concentrations of 
erythrocyte K and plasma Na in a variety of clinical states of hyponatremia 


and hypernatremia was presented.t However, determinations were made only 


of K per volume of cells, and it could not be stated whether the changes found 


were due to actual gain or loss of cellular K or were secondary to altered cellular 
hydration. Accordingly, additional studies were made to elucidate this point. 
The findings indieate that in the presence ot hyponatremia, the red blood cell 
may gain water and lose K, whereas in hypernatremia there may be a gain of 
cellular K. Furthermore, the changes found appear to be related to the main- 


tenance of isotonicity between cell and plasma. 


MATERIALS AND METHODS 


Observations were made on 57 adult subjects placed in 4 groups according to the 

a Na concentration. All subjects were selected at random, and grouping was made 
solely according to the plasma Na concentration. Group I included 21 normal persons 

a mean plasma Na concentration of 142 mM./L. (range 137 to 145 mM./L.). In 

Il there were 9 patients with normonatremia but with abnormal conditions, includ 

e each with chronic pyelonephritis and uremia, uterine fibroids, pregnancy, hyper 

m, osteomalacia, and 2 each with skull fracture and induced hyperadreno 
orticisn The mean plasma Na concentration was 142 mM./L. (range 138 to 145 mM./L. 
In Group III there were 19 patients with hyponatremia with a mean plasma Na con 
centration of 116 mM./L. range 86 to 151 n M./L.). There were 7 instances of hepatic 
oma, ; nalignant hypertension with cardiac failure, and one each of hepatic cirrhosis 
without coma, chronie pyelonephritis with uremia, “salt-losing” nephritis, and essential 
hypertension without cardiae failure. Group IV consisted of 6 patients with plasma Na 
concentration averaging 165 mM./L. (range 153 to 171 mM./L.). Primary water deficit was 
probably the cause in all. In 3 patients marked dehydration developed as a result of simple 
water deprivation. One patient developed hypernatremia during the diuretic phase of 
icute renal failure, one following the administration of a tube-feeding mixture high in 
protein content, and one following therapy of diabetic acidosis. 

Significant acidosis or alkalosis was not present in any of the above patients at the 
time blood was obtained. However, 2 additional patients with respiratory acidosis and 
normonatremia were studied, and the findings will be commented on. Lipidemia was 
also not present in any case. Mild anemia was observed due to uremia in 3 instances, and 


blood loss in 2 
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Venous blood was drawn with stasis of less than 2 minutes ciration. Stasis of this 
duration has been shown to have minimal, if any, effect on the erythroc,te contents of water 
and K The samples were placed in heparinized vials, and aliquots were immediately 
centrifuged for plasma separation. The following determinations were made on plasma 


and whole blood: water by drving at 105° C. for 


24 hours, specifie gravity by weighing 
aliquots, hematocrits by centrifuging Wintrobe tubes at 5,000 rpm. for 30) 

lutes, and Na and K by flame photometry using a Weichselbaum-Varney spectro 
photometer. In calculating hematocrits, no correction was made for trapped plasma. The 
amount of plasma trapped is estimated to be 2 per cent or less providing the cells are of 
normal shape.4 As no hematologie disorder other than mild normocytic anemia was present 
in the current study, it was assumed that the amount of plasma trapped was small, and that 
errors resulting in calculating erythrocyte data would be nullified between groups. Calcula 
tions of the plasma Na concentration per plasma water were made using the plasma specific 
gravity to convert plasma water by weight to volume. The erythrocyte concentrations of 
water and K were calculated using the plasma and whole blood concentrations, specific 
gravities, and hematocrits. Analysis of duplicate samples vielded agreements within the 
following ranges: Na per plasma water 2.0 per cent, water per cell solids 2.0 per cent, K per 


° , 


cell solids 2.5 per cent, and K per cell water 2.5 per cent. 
TABLE I. ERYTHROCYTE COMPOSITION IN NORMALS AND THOSE WITH ABNORMAL PLASMA NA 
CONCENTRATIONS 


Values are given as mean standard deviation 
PLASMA ERYTHROCYTES 

NA HO K 

L. H,O 100 GM. SOLIDS 100 GM. SOLIDS 

mM. GM. mM. 
I 153.0 199.0 26.0 
Normals (21 +2.8 *9.1 
I] 152.0 203.0 26. 129.0 
Normonatremia plus +1.66 +79 2.27 *9.02 

disease (9 

Il] 124.0 226.0 
Hyponatremia (19 +11.7 +13.2 
P <—0.01 
I\ 175.0 190.0 
Hypernatremia (6 +6.4 +4.3 
P < 0.05 


RESULTS 
In Table I are listed the mean erythrocyte concentrations of water and K 
found in the } groups. The values are given in reference to cellular solids as 
well as water. The solids are assumed to represent cellular stroma and conse- 


quently are utilized as a reference base to determine if the cell has gained or 


lost water or K. The plasma Na concentration is expressed in terms of plasma 


water 

The erythrocyte composition found in the normals is comparable to that 
reported by others.» ° In Group II (patients with normonatremia but with 
abnormal conditions), the mean cellular concentrations of water and K_ ex- 
pressed per solids were not different from those of Group I. In (Group 111 with 
hyponatremia, the mean plasma Na concentration was decreased to 124 mM./h. 


of plasma water. The mean cellular water content was significantly increased, 
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and the concentration of K expressed per solids or water was significantly de- 
creased. In the patients with hypernatremia (Group IV) the mean cellular 
water content was possibly decreased (P < 0.05). Expressed per solids the K 
concentration was significantly increased. 

Not ineluded in Table I are 2 patients with normonatremia and respiratory 
acidosis. In these the cellular water contents were 220 and 243 Gm. per 100 Gm 
of solids, both values greater than the normal range. It is of interest that the 
K concentrations per solids were 27.7 and 33.4 mEq., respectively, these values 
also being beyond the normal range. Consequently, the concentrations of K 
per cellular water were within the normal range. The increase in cellular 


water may have been related to an elevation of CO, tension. 


ERYTHROCYTE K vs PLASMA Na 
1807 
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throcyte potassium on plasma sodium per liter of water. 


In most of the patients in Group IIT with decreased plasma Na concentra- 
tion it was felt that the hyponatremia was of the type associated with chronic 
illness rather than that caused by Na deficit. However, in 4 instances it was 
believed that Na depletion or water intoxication was partly responsible for the 
hyponatremia. Evidence for this belief evolved from the immediate beneficial 
clinical and chemical responses that occurred following Na therapy. It is note- 
worthy that in these 4 patients the concentrations of K per solids (range 18.8 
to 21.8 mM.) determined at the time of Na depletion or water intoxication were 
the lowest found in the group. 

The regression of erythrocyte K concentration per cell water on plasma 
Na coneentration per plasma water is depicted in Fig. 1. The relation is 


significant (P < 0.01) when expressed in linear fashion. 
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DISCUSSION 


The finding that the erythrocyte will gain water in vivo in the presence ot 
hyponatremia confirms for man older observations made in animals with experi 
mentally indueed hypotonicity.* ° Other evidence that this phenomenon occurs 
in man is also apparent from the work of Krainin and associates who utilized 
this property of the erythrocyte as an indirect method of determining the plasma 
Na concentration." 

Although the cellular water change in the present study was significantly 
related to the plasma Na concentration, the seatter of data was so marked as to 
indieate that factors other than the plasma Na concentration per se were con 
cerned with the hydration of the cell. For example, it has been suggested that 
alterations of plasma Na concentration may not necessarily be accompanied by 
corresponding changes in plasma osmolality.’ However, others have demon 
strated a dependence of serum osmolality on the plasma Na concentration when 
appropriate corrections are made for substances such as urea and glucose 
Since these substances readily cross the erythrocyte membrane, it is likely 
that a change in the plasma Na concentration will alter the osmotie forces on 
the exterior of the erythrocyte. Seeond, it is possible that in certain condi 
tions metabolic derangements within the cell may lead to changes in the 
amounts of water and ions available for osmotie activity. Finally, there is also 
the possibility that the cell may actually lose or gain osmotically aetive sub 
stances, 

It is of interest that the 4 patients with hyponatremia who responded 
favorably to Na therapy were those in whom the greatest losses of cellular k 
were found. There is evidence from numerous studies that the erythrocyt« 
may lose K in states of K deficiency.’ Although it eannot be stated with 
certainty that K deficiency was not present in these 4 subjects, there was no 
evidence of this condition as gauged by serum K concentration or clinical state. 
In one patient, serial studies revealed a rise in erythrocyte K concentration 
following the administration of Na. Consequently, the observations, though 
limited, suggest that Na depletion or water intoxication might act as a stimulus 
for the cellular release of K. In support of this coneept are the studies of 
MeCanee, wherein a loss of erythrocyte K was found in the course of experi 
mental Na deficiency in man." 


The decrease in cellular water content encountered in those with hyper 
natremia was less in relation to elevation of the plasma Na concentration than 
was the converse found in the hyponatremie group. However, the gain in 
cellular K was such that the relation of cell K per water and plasma Na was 


maintained. This finding is not wholly in agreement with that of Eisenman 


and associates who studied erythrocyte composition before and after the 
administration of hypertonic Na solution to patients with dehydration.” They 
presented evidence that base may migrate in or out of the cell. However. be 
cause the results were not always predictable, they felt that the changes were 
connected with metabolic rather than osmotie activity. 
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In studies of K deficiency in man, an increased cellular Na content has 
been found accompanying a decrease of erythrocyte K.%'* In the present 


study no such rise in Na was found. Accordingly, the high significance of the 


regression shown in Fig. 1 is in keeping with evidence from direct eryoscopic 


measurements that the osmotic activity of the red cell mass is closely related 
to that of plasma. 


SUMMARY 


Studies have been made of the erythroeyte contents of water and K in condi 
tions of altered plasma Na concentration. In hyponatremia the cells gained 
water and lost K. In hypernatremia there was a gain of cell K and a possible 
loss of water. The erythrocyte K concentration per cell water was related to the 
plasma Na coneentration in a manner to suggest that the changes in cell com- 
position were directed toward the maintenance of isotonicity between cell and 
plasma 
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CHOLESTEROL ESTER SYNTHESIS AND HYDROLYSIS OF SPLENIC 
TISSUE IN LYMPHOMA 
ELLY Moscuipes, Px.)D.* 
Boston, Mass. 


Teer peo reports from this laboratory have shown abnormalities of content 
and partition of cholesterol in serum and tissue of patients with lym 


phoma.’:? The total cholesterol is low in serum, high in splenic tissue, while 


cholesterol esters were considerably decreased in the splenic tissue. The aceu 


mulation of cholesterol in lvmphoma tissue is probably related to the similar 
behavior of cholesterol-earrving beta globulin; the defect of esterification re 
mains unexplained. This artiele presents studies on the cholesterol synthesis 
and hydrolysis of splenic tissue from normal and lymphoma patients and throws 


some light on our previous findings. 


MATERIALS AND METHODS 


Spleens from 5 normal individuals and 6 lymphoma patients were studied. Normal 
spleens re presented autopsy material in 3 eases, surgical specimens in 2. Autopsy material 


2 hours of death. All lymphoma spleens were surgical specimens Four 


vas obtained within 
of the surgical and 3 of the normal specimens were frozen immediately in liquid nitrogen 
and stored ¢ 20° « In other instances, the entire spleen was quickly washed free of blood 
with cold saline solution and frozen at —20° C. until used. All patients were in relapse 
when studied. Of them, 4 had received no treatment. Results were uniform in both groups, 
indicating the independence of our findings from th ‘rapeutic procedures. 

Preparation of Extract from Splenic Tissue. At the time of study, tissue was thawed 

box. After rinsing (3 times) with cold saline solution, tissue was grounded wit! 
a mortar after adding an equal amount in weight of 0.9 per cent NaCl solution 
ground material was centrifuged at 1,000 r.p.m. for 20 min, at 4° C, and the supernatant 

d through gauze for immediate assay. Each tissue homogenate contained 0.1 Gm. of 
rinal tissue per milliliter. 

{ssay of Esterification and Hydrolysis. Esterifieation of cholesterol and hydrolysis ol 
olesterol esters were studied. Assays weré carried out in 25 ml. glass-stoppered test tubes. 
mixture of approximately 50 mg. of cholesterol (Merck reagent) and 0.5 ml. of oleic 

vas used to study esterification’; hydrolysis of esters was studied using 50 
oleate at pH 6.6. Cholesterol oleate was prepared by heating one mole of 
0 moles of oleie acid for 3 hours under reflux at 200° C.4 


, 


were prepared in 25 ml. tubes by adding 50 mg. of cholesterol (or ester) to 
id, 10 ce. of phosphate buffer, and 1 ml. of sodium taurocholate 14 per cent. 


completely homogenized by shaking in incubator at 37° C. for 1 hour. 
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One milliliter of tissue homogenate was then added and the test tubes again were continuously 


shaker ‘ neubator at 37° C. Samples of 0.5 ml. were removed from the test tubes at 


24 hours. Free and total cholesterol were determined in each sample by a 


ginal Schoenheimer and Sperry method, as proposed hy Chaney.' 
culations were based on the inerease or decrease in free cholesterol during the 
period Esterified cholesterol was caleulated Iyy difference between values for 


id for fre« holesterol. 


Determination of Cholesterol.—tT\ am his liters of 3:2 aleohol-ether mixture 


vere blown into glass-stoppered test tubes of il. capacity, containing 0.5 ml. of each 
enzyme digest sample Test tubes were allowed to stand for 10 minutes, centrifuged quickly, 
and suitable aliquots of the supernatant were then transferred to 15 mil. centrifuge tubes 
All aliquots wer evaporated to dryness at 60° C. by means of a gentle stream of air and 
redissolved in > ml. of 1:1 acetone aleohol mixture. Samples for determination of total 
lesterol were hydrolyzed by adding two drops of 30 per cent aqueous KOH at 60° C. for 
made acid to phenolphthalein with 15 per cent acetie acid. One milliliter 

digitonin in 50 per cent aleohol was added to all tubes, which were then in 

C. for 3 hours. The digitonide was well packed by centrifugation, supernatant 

arefully decanted, and precipitate washed with 3 ml. of anhydrous ether. Mixture was again 
centrifuged and the ether decanted. Precipitates were dried at 60° C, and dissolved in 0.5 
Three milliliters of chloroform were added and the stoppered 

warmed to 37 ’. in thermostatic incubator. One milliliter of color reagent was then 

each tube After exactly 10 minutes at 3 ., tubes were transferred to an ice 

another 10 minutes and then read " . 1 colorimeter Model 63 against a 


blank at 660 millimicrons 


ESTEROL Ester SYNTHESIS AND HypRoLysIS IN Extracts FROM NORMAI 
SPLEENS: FRESH AND FROZEN TISSUE. 


ESTERI CHOLES 
roral FIED TEROI TOTAI FREI 
CHOLES CHOLES ESTERI CHOLES CHOLES 
TERO! rERO! FIED TERO! rEROI 
TISSUE MG. &% ; Y// MG. % MG. % 
Fresh 45 50 


Frozer 40 Got i: deo 


Fresh Hy pe 


l : 4 
Frozen 46 See . 4. 


*After 24 hours of incubation 


RESULTS 

Results in both the normal and lymphoma groups were uniform, irrespective 
of the origin of the tissue (autopsy or surgical). Sinee our work, however, was 
done on stored specimens, preliminary experiments were conducted to establish 
the influence of storage on the cholesterol esterifying and hydrolyzing activity 
of splenie tissue (Table I). There was significant reduction of activity in 
frozen as compared to fresh tissue. This, however, was uniform in all samples 
studied. Thus, our results, although probably inaccurate as to absolute value, 
seemed significant when similarly preserved normal and pathologie tissues were 
compared. 

Experimental results are presented in detail in Tables II and III. Saline 


extracts of normal spleens esterified & to 15 per cent ol cholesterol and 
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Mas 


hvdrols zed 5 to 10 per cent cholesterol esters after 24 hours of incubation (Table 


I] Identical experiments with spleens from lymphoma patients indicated that 


these extracts also had low esterifying activity but a constantly higher ability 


—— NORMAL 
LYMPHOMA 


nN 
oO 


CHOLESTEROL 
a 


F REED 








HRS. 


ester hydrolysis of normal and lymphoma splenic tissue (calculated on 
iverages of all results) 


ESTERIFICATION OF CHOLESTEROL AND HYDROLYSIS OF CHOLESTEROL ESTERS BY 
EXTRACTS OF NORMAL SPLENIC TISSUF 


CHOLESTEROI 
ESTERIFIED CHOLESTEROL * ESTERIFIED 
TOTAL CHOLESTERO! MG. 24 HR. 
Mé x 6 HR. 2 g. é t. PER CENT 
sterification 
18 


10.6 
H yd? olysis 


FREED 
FREE CHOLESTEROL” CHOLESTERO! 
rOTAL CHOLESTEROI MG. (24 HR. 
6 HR. y R. PER CENT 
6 


~ 


*At different oO if incubation 
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to hydrolyze cholesterol esters (Table III and Fig. 1). The partition of 
cholesterol in the lymphoma spleens studied is presented in Table IV. It would 


appear that the increase in cholesterol hydrolyzing activity of each sample of 


lymphoma splenic tissue, although constant, did not bear strict relationship 


to the degree of decrease of cholesterol esters found in lvmphoma tissues. 


TABLE III. ESTERIFICATION OF CHOLESTEROL AND HYDROLYSIS OF 
EXTRACTS OF LYMPHOMA SPLENIC TISSI 


CHOLESTEROL ESTERS BY 


CHOLESTERO! 
ESTERIFIED 
24 HR. 
PER CENT 


ESTERIFIED CHOLESTEROI 


CASE 
Esterification 


sarcoma 
19 


Hodgkin’s sare 
o, 65 


Hodgkin's sarcoma 


Reticulum cell 
sarcoma 
s 58 
teticulum cell 
sarcoma 
Reticulum cell 
sarcoma 
>. 62 § ms 5.3 5! 10.1 
B. Hydrolysis 


FREED 
CHOLESTERO 
24 HR. 
PER CENT 


roTal FREE CHOI 
CHOLEST 
MG. 


18.2 


6 
*At different times of incubation 
The whole amount of cholesterol in the mixture is preliminarily esterified Attempts 


to determine chemically free cholesterol in the solution by the method of 


Schoenheimer and 
Sperry, after the esterification, gave negative results 


TABLE IV. CHOLESTEROL IN LYMPHOMA Si 


TOTAI FREE ESTERIFIED 
MG. % MG. % % 

580 208 

670 490 

648 240 

120 165 

615 

100 


*Numbers correspond to those given in Table 
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DISCUSSION 


Mueller? first showed that cholesterol esters could be synthesized from free 
cholesterol in ineubation with tissue extracts. The hydrolysis of cholesterol 
esters by extracts of liver tissue was first demonstrated by Sehultz.* Enough 
evidence is available today to conelude that continuous mechanisms of synthesis 
and hydrolysis of cholesterol esters are operative in the body under the influence 
of tissue esterases.” Swell and associates® reported the presence of enzymatic 
activity in pancreas, intestinal mucosa, liver, and kidney of the rat and suggest 
a possible role of cholesterol esterase in the synthesis and hydrolysis of tissue 
and blood cholesterol esters. I vdrolvtie cholesterol esterase activity has been 
found in liver, panereas, intestinal and gastric mucosa, spleen, kidney, muscle 
of dog, swine, horse, and rabbit.°°. Two hydrolytie enzymatie systems are prob 
ably present in animal tissues."t One (found in liver, kidney, spleen, lung, 
testes, and intestinal mucosa) aets optimally at pH 5.3; another (found only in 
pancreas) has optimal aetivity at pH 7.0. Our studies tried to point out the 
possible presence of an hydrolyzing cholesterol esters system in human splenic 
tissue and indicated the significance of its variations in pathologie conditions 

The present study also clarified at least in part, the mechanism of accumula 
tion of free cholesterol in the splenie tissue of patients with lymphoma. The 


following possible explanations presented themselves when the phenomenon was 


first observed l poor activity of cholesterol esterifving system in lymphoma 
tissues, with consequent poor svnthesis oft cholesterol esters; (2 high activity 
oft cholesterol esters hydroly zing system in these tissues: 3 possible bondage 


of more free cholesterol by proteins in the cells of lvmphoma spleens. On the 
basis of our results the second explanation appeared more reliable. We pre 
viously deseribea that the changes in cholesterol distribution typieal of lymph- 
oma may be found, to a lesser extent, in diseases where there is involvement 
of the spleen, irrespective of its nature. Preliminary results showed similarly, 
although less strikingly, increased activity of hvdrols zing cholesterol system in 
these tissues as well. Thus, the phenomenon deseribed might be of general 


significance, although, perhaps, of greatest magnitude in lymphoma. 


SUMMARY 


1. Normal splenic tissue extracts show poor esterifying and hydrolyzing 
activity of cholesterol, Activity decreases further on storage of tissue, even at 
lreezing temperature. 

2. Extracts of splenic tissue from patients with lymphoma also possess 
rather poor cholesterol esterifying activity, while exhibiting considerably higher 
cholesterol esters hvdrolytie activity. 

4. These findings contribute to the explanation of the low degree of esteri 


fication of cholesterol in tissue of patients with lymphoma. 
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THE EFFECT OF CO. INHALATION ON THE CONJUNCTIVAL 
VESSELS, BLOOD pH, AND pCO, IN YOUNG DIABETIC SUBJECTS 
Davin B. Murray, M.D., AND J@RN Dirzen, M.D. 

Boston, Mass. 


ARDIOVASCULAR-RENAL disease has replaced nearly all other causes 
C of death in juvenile diabetes and aecounts for 87.5 per cent of the total 
Nephropathy alone is responsible for one-half of the deaths. By the age of 
30, 63 per cent of those patients with juvenile diabetes surviving 20 years of 
their disease have retinopathy and 29 per cent have retinitis proliferans.' 

The first sign of retinopathy in juvenile diabetic subjects is venous con 
gestion, The retinal venular-eapillary microaneurysms are considered to 
he secondary to prolonged venous stasis.‘ By viewing the conjunctival ves 
sels microscopically, venular dilation has been found to precede the retina! 
changes.” The venular engorgement is particularly pronounced in young pa 
tients with poorly controlled diabetes, with or without clinical keto-acidosis. 
Pregnaney, whieh tends to produce metabolic acidosis and to be accompanied 
by a fall in pCO,,°* also aggravates this conjunctival vascular response." 
Diabetic retinopathy has been found in some cases to be produced or increased 
luring pregnancy and to decrease or disappear after delivery.” '° 

The effect of changes in blood oxygen tension in the human has been well 
exemplitied in studies on retrolental fibroplasia. Abnormal changes in blood 
oxygen tension in the newhorn infant have been found to produce severe 
arteriolar constriction and venular distension in the retina.’’’’ This some 
times has become irreversible and has been accompanied by retinal hemor- 
rhages, proliferation of new retinal vessels and blindness. 

In the absence of evidence for changes in blood and tissue oxygen tension, 
it must not be forgotten that CO, also is notorious for its effects on the small 
blood vessels.’* It has been remarked that tissue reactions to different stimuli 
are commonly stereotyped. Thus, the cumulative effects of innumerable varia 
tions in local tissue pCO, may over many years stimulate, in the much slower- 
reacting vessels and tissues of the adult, a similar kind of process in diabetics 
of retinitis proliferans. In support of this working hypothesis'® are the 
well-known variations in acid-base balance which occur in diabetes. The Hen 


derson-Hasselbalch equation (referred to later) relates changes of a metabolic 


nature, i.e., involving the bicarbonate, to variations in pCO.. In the blood. 
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pCO, levels are supposedly maintained at a fairly constant level by the respira 
tory center and respiratory ventilation.” However, during diabetic acidosis 
and coma the blood plo usually is abnormally low, and Lundbaek has found 
that even in nondiabetic patients the alveolar pCO, varies with insulin admin 
istration and earbohydrate consumption.'* '* Therefor in so-called well 
controlled diabeties, even greater jt ‘)., fluetuations nay te anticipated Also, 
local peripheral vascular stasis and possibly other factors may impede the dis 
sipation of the usually rapidly diffusible tissue CO, into the blood. An addi 
tional factor is that cell membranes are more permeable te CO, than other acids 


with the result that the intracellular pH is rapidly lower d by the slightest in- 
crease in loeal pCo..'® Consequently, it is possible that either tissue acidosis 


or variations in the CO. tension causes venular dilation, the apparent precur- 


sor of retinopathy, in diabetic subjects 

Thus the purpose of this investigation was to observe the effeet on the 
conjunctival vessels of increases in tissue and blood pCO. and acidosis in 
young diabeties. 


PLAN OF STUDY 





“BASAL” EXAMINATION : Blood pH, pCO2 and plasma bicarbonate content ; 


conjunctival vessel observation and photography. 





INHALATION PER/OD : 30 minutes of 5 per cent carbon dioxide. 








CARBON DIOXIDE EQUILIBRIUM EXAMINATION ® Blood pH, pCO, and 
plasma carbon dioxide content, conjunctival 
vessel observation and photography. 


® Beginning 25 minutes after started inhalation 


MATERIAL AND METHODS 


All the subjeets examined were diabetics with and without retinopathy and nephropathy, 
but clinically healthy in other respects. The only selection made was that of age, i.e., all sub 
ects were less than 33 vears old. The subjects were divided into 2 categories. The first group 
was made up of 11 hospitalized subjects in whom the blood gas determinations were made on 
arterial blood. The second group (9 experiments in 5 cases of long-term diabetics) was made 
up of ambulatory patients in whom the blood gas determinations were made on venous blood. 


Fig. 1 surveys the plan of study. Preinhalation examination included the determina 


tion of blood pH, plasma bicarbonate content, and therefrom the CO, tension 


determina 
tion, as well as observation and photography of the conjunctival vessels. The blood for 
the gas determinations was obtained anaerobically, either by arterial puncture or venipune 
ture. In the case of arterial puncture, a Tew milliliters of 2 per cent procaine were in 


jected deeply about the brachial artery just above one elbow, and after 3 minutes a sterile 


heparin washed Cournand needle was inserted into the artery. The needle was kept in 
place during the whole period of study. After 5 or more minutes, 10 to 20 ml. blood were 


withdrawn into heparinized syringes. If venous blood was used for gas determinations, the 


subjects were placed at absolute rest for 20 minutes before the blood samples were taken, 
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M 
th inflated rim was 


were observed and photographed as described pre 

then carefully adjusted to the contour of the 
face to effect an airseal. The slightest leak during the course of many prelimi 
two inferior face-masks coincided with 


uninereased pe (),’s 
decreases ot 


ip to 10 mm, 
25 per cent (0) 
ven for 20 minutes but the 
concentrat 


and even, sul 
in venous pCQ,, The subject 
), in air for 30 to 35 minutes. On 
discomfort 


one 
was such 


that with 
after 12 


m was discontinued minutes’ adminis 
was continued for 30 


n order to reach equilibrium wit} 


minutes 
perivasculs Then another specimen of blood was drawn 
field of he conjunctival vessels was photographed. The subjects wer 
for a few minutes after inhalation for any possible aftershock, as described by 
and associate In 47 st shoe} 


Was encountered 
present stud I pallor, 


ana 
e observed 
Alexander 
idies, in only 2 cases (not inch 
n whiel shivering, 


1 and 


sweating were displayed in the hal 
tion period. However, 


postinhala 
clinically to be 


these symptoms responded well to sweet drinks and thus appeared 
mild insulin reactions. 
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THERM 
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HEATER 


a 
TO RADIOMETER 
pH METER I OR 22 





ELECTRODE 
GK 2648 


ALL METAL 
THERMOMETERS 


MERCURY 
RESERVOIR 

20 LITER TANK OF 

WATER AT 375°C 





ASTRUP 
APPARATUS 








WATER CIRCULATOR 
\strup apparatus, electrode assembly, and thermostatic water circulation 
specimen ially immediately, and always within 3 minutes) was 
an Astrup apparatus (Fig. 2 


2) for measurement 
was used with the following modifications. The ten 
thermostat-e¢ olle was maintained at 37.5° C, +0.2 

were present in the 20-] 


ater tank : ‘ 20° C. Two 
20-liter thermostatically controlled water tank 
were placed ¢ : > 


and outlet of the 


mereury chamber of 


intro 
Astrup me 


ometers water jacket of 


Tar 


is applicable, according to the pro 


Bureau of Standards (N.B.S. 


buffers. The 
( 


from those supplied, as: 
B.S units? 
Dihvdrogen st 

Hydrogen phos; units? 
Potassium hvydr 


units?* 
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The pH 3 and pH 22 meters* were used in the present investigation. The Beckman 
PhG meter was used only in preliminary studies, not reported here, as it was found inade- 
he order of accuracy required. The pH meter in use was calibrated against at 

east two of the buffer standards both before and after each study. The pH meter was also 
for zero drift between the two blood pH readings and immediately at the end of 


t » from duplicate readings at timed intervals. 


study. Correction for glveolvsis was mac 


The potentiometer scale calibrations « > Dp meter were checked and found accurate 


against a standard potentiometer. 
As soon as the ervthroey letermination of the bicarbonate 
centripetal displacement of CO 


content we made or incentril 
neral ol according to the method of Peters 

» pipettes corrected for plasma delivery. 
St mple of 1 ml. or 0.5 ml. of Ct ), 

The determinati ylasms itent was repeated until the results 


leterminat east *+0.5 per cen 


the Henderson-Hasselbalch equation 
rearranged: 
poo, CO, content/(S 10pH - pK1 + 1 
304 at 37.5° C.26 The pK! was 


where “S” i ibility factor for CO. estimated to be 0.05 


ASS 


RESULTS 


Plasma Bicarbonate Content. In the 11 arterial blood studies (Table ] 
he preinhalation arterial plasma bicarbonate content averaged 24.84 mEq./L 


t 
t 


The normal range quoted is from 18.5 to 24.7.° Six of the diabetic patients 
values for arterial plasma bicarbonate content above this range. After 
ition, the plasma bicarbonate content was increased in 7 out of 11 arterial 
1.5 to 3.3 mEq./L. (6 to 14 per cent). The average increase wa 
r 6.5 per cent. No significant change was apparent in the 
ntent studies (normal range 26 to 33 mEq./L ; 
e deduced that passage of the blood through th: 


ffect of the inhalation of 5 per cent CO, on 


The pH in arterial blood, before inhalation, averaged 7.41 


peopl 


enous blood 7.385 (Table II). The values for norma 
7.38 to 7.43 for arterial blood, and 7.35 to 7.45 for venous 
he hvdrogen ion concentration decreased during the 30-minute inhala 


he average of 0.089 pH units in arterial blood (Table I) and 0.035 pH 
nits in venous blood (Table II). In 4 patients the arterial blood pH decreased 


0.104 to 0.161 pil units The greatest change in pH, i.e., the poorest ability to 


buffer the respiratory acidosis, occurred in the 4 worst of the 5 retinopathy eases. 
The preinhalation arterial pH appeared acid in 3 and alkaline in 4. The 
preinhalation venous pH in only one study was found to be on the acid side of 
normal, Thus there appeared to be a wide variation in pH, and therefore in 
capacity to buffer, in the arterial blood of patients with diabetes. 
*Radiometer Corporation, Copenhagen, Denmark 


tCourtesy of Professor J. J. Lingane, Coolidge Laborator rvard University. Boston, 





KAY AND DITZEL 


-HERAL VASCULAR (CONJUNCTIVAI 


PLASMA 
BICARBON ATH 
CONTENT 
DOSE COMPLI mEq./L. 
}1OURS CATIONS INHALATION 
CRYS BAFORI RETIN NEPHROP 30 MIN. 
SEX rALLINFE STUDY OPATHY ATHY AIR 


M 2% ‘ 3 5.! 26.92 28.43 


M J. 5: 25.47 26.41 
M 3 2570 95.40 
M 2 6 “ 23. 27.66 
J 7’ 3 20.37 22.45 
M 
. 
M 
M 
P 
M 

verage 

ormal Ranges 


*Assuming pK * Figures rounded to nearest decimal pl 


ras II PERIPHERAL VASCULAR 


DOSE COMPLI 
HOURS CATIONS I ATION 
BEFORE RETIN NEPHROP 30 MIN, 

OPATHY ATHY 


"6.16 
23.10 
32.38 52.53 
31.18 JOSS 
30.59 30.19 
Average r+ 
Normal Ranges 


*Assessing pK Ub ro d to nearest decimal place, 





CO, INHALATION IN YOUNG DIABETIC SUBJECTS 


pCo mm. g 
INHALATION 


OU MIN, 
5¢ 


0.066 
0.104 
0.068 


O.0O89 


IN 
CREAS} BEFORI AFTER 
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Carbon Dioride Tension.—Preinhalation CO, tensions in arterial blood 
(normals 35 to 43 mm. Hg® *') appeared abnormally low in 5 and abnormally 
high in 2 diabetic subjects (Table 1). Of the venous study (normals 41 to 47 
mm. Hg®), 3 had low pCO,’s and one had persistently abnormally high pCO,’s 


Venular dilatation in response to inhalation of 5 per cent carbon dioxide (Case A8) 


This latter ease (V5, Table IL) had a normal arterial pCO. (A6, Table 1). His 
venous pCO., estimated on 6 occasions during a period of 4 months, ranged be 


tween 51 and 60 mm. Hg. Thus, the venous pCO, was 11 to 20 mm. higher 


than the arterial pCO, estimation. His venous blood pH on these occasions 
was always low, 7.55 or below, although the plasma bicarbonate content, on 
the contrary, was always high normal. 

Whereas, in general, venous pCO, was only slightly increased (3 to 4 mm. 
fg) by the inhalation (Table Il) the arterial pCO, increased an average of 
10.7 mm. Hg (range 4 to 18 mm.) (Table I). The arterial blood biochemical 
studies were considered more representative of the effect of the inhalation on 


the peripheral vessels and the tissues than the venous studies. 
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Conjunctival Vascular Changes._-In the preinhalation studies the patients 
showed 3 distinguishable vaseular patterns divided according to the caliber of 
the arterioles and venules. Normal vaseular pattern (A-V ratio 1:3 to 1:2) was 
found in 5 cases; vascular pattern-change I (A-V ratio 1:8 to 1:4) was found in 
10. Vascular pattern-change IT (A-V ratio 1: 1) with marked arteriolar constriec- 
tion and tissue ischemia, as indicated by capillary closure, was found in another 


») cases,” 


Venular dilatation in response to inhalation of 5 per cent carbon dioxide (Case A4). 


After CO, inhalation the most significant change in the smaller blood ves- 
sels was a generalized, nonuniform, congestion and dilation of the venules 
which occurred in 12 out of the 20 studies. In 4 of these cases, venular dila- 
tion was marked (Grade 2) (Figs. 3 and 4). Three of these latter cases were 
accompanied by marked slowing of erythrocyte velocity and perivenular edema 
formation. In most respects these 4 patients showed more than the average 
degree of biochemical changes. Thus, their bicarbonate content increases were 
1.8, 2.0, 2.3, 3.3 mEq. ; pH changes of 0.066, 0.079, 0.098, 0.149; and pCO. 


L. 
increases of 7.4, 10.2, 12.7, 15.5 mm. Hg, compared with average changes of 
1.6 mEq./L., 0.089 pH unit and 10.7 mm. He, respectively. 


All cases showing vascular pattern-change II had extensive smaller blood 
vessel disease (retinitis proliferans and nephropathy), and in none of those did 
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(‘O. inhalation produce any vascular change despite maximal pCO, increases 
arterial, 17.7; venous, 6.2, 5 8, 6.6, 7.7 mm. Hg). All the subjects who did 
respond showed either normal vascular patterns or vaseular pattern-change L. 

No definite change was discernible in the arterioles in 18 out of 20 eases. 


lfowever, in 2 cases there was a definite slight arteriolar constriction. In on 
of these patients Table Il Voe 


once out of $ stuclies 


arteriolar constriction was only observed 


The degree of intravascular erythrocyte aggregation was unchanged dur 
ing the inhalation period 


DISC TL SSION 
These eXpe riments demo rate that the respiratory acidosis produced by 


inhalation of 5 per cent CO reetly or indirectly, causes conjunctival venulat 


engorgement in young diab lhe vascular response is uniform in type al 
though it differs quantitativ: rom subject to subjeet. Bloch,** in describing 
microscopic observations ot e circulating blood in the bulbar conjunctiva dur 
ing clisease and health, stated that slight dilatation of the walls of small venules 
measuring 20 to 50 mw) occurred whenever the majority of the erythrocytes 
were in aggregates which measured more than 12 » in diameter and the linear 
velocity of flow was reduced. He found this venular dilatation in lung dis 
eases such as lobar pneumonia and active tuberculosis. Although extensive 
intravascular erythrocyte aggregation, by producing stasis with concomitant 
anoxia and carbonie acid accumulation, might alone produce venular dilata 
tion, it is evident that the above diseases are likely to be associated also with 
primary pCO, changes. In a study of the conjunctival vessels in diabetie chil 
dren, a positive relationship has also been found between the degree of erythro 
cyte aggregation in arterioles, capillaries, and venules, and the degree of 
venular distension. Hlowever, this relationship is not always present, Le., 
venular distension «an be found in eases showing ho aggregation, while in cases 
with marked erythrocyte aggregation no venular distension may be present 
These phenomena in diabetes mellitus (erythrocyte aggregation and venular 
distension) are not necessarily dependent on each other. This view is also 
supported from the data of the present experiments. During these studies no 
change in the degree of intravascular erythrocyte aggregation was noted, al 
although a pronounced venular dilatation oceurred. It appears that either 
acidosis or changes in the CO. tension, exaggerated by loeal factors, cause 
venular dilatation, perivenular edema, and occasionally arteriolar constriction. 
Perhaps the preservation of normal vascular function is dependent upon opti 
mum pCO, and pO, tissue: blood equilibrium and sudden fluctuations in these 
equilibriums may result in the same stereotyped vascular and perivaseular tis 
sue changes 
In the present study of diabeties on which arterial blood was taken, the 
data reveal lack of uniformity in the preinhalation levels of plasma bicarbonate 
20 to 28 mEq./L.), blood pH (7.286 to 7.510) and pCO, (29 to 50 mm. He 


This wide range of results in hospitalized young diabetic patients might be ex 


plained by the finding by Lundbaek'* of altered respiratory-center sensitivity 
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in subjects reeeiving insulin. It must be born in mind that glass eleetrodes 
frequently have different characteristics and give different simultaneous pH 
readings on the same blood samples, Comparing Beckman and Radiomete1 


and well calibrated pi meters 
that despite the difference ir 


electrode assemblies it was found, however, 
i simultaneous ‘‘absolute’’ pli readings the differ 
ences In pit obtained by cach electrode, before and after CO. inhalation, were 
very much the same 


The patients with retinopathy were found to resist poorly the effect of 
respiratory acidosis, i.e., to show the largest pCO, changes (Table I, Cases 5 to 
7, 10, and 11 not exhibit vascular 


Likewise, the cases which did 
ind were found to have poor ability to minimize the effect o 


responses 

f CO. inhalation 
were those diabetics with irreversible periphe ral vascular changes in the con 
junctivae (vascular pattern-change II 


in the retinas 
and most probably in the 


retinitis proliferans 
kidneys CASTS, 


albuminuria, delayed phenolsul 
fonphthalein excretions, ete 


This indicates the possibility of a causal re lationship between the disturb 
anee in acid-base metabolism. more specifically poor buffering ability, and the 
vascular disease affecting the retina, kidneys, and conjunetiva in diabetes 
mellitus 


SUMMARY 


Inhalations of 5 per cent CO. for 30 minutes by voung diabetie patie nts pro 


duced venular dilation, slowing of erythrocyte velocity 


, oecasional perivenular 
edema and arteriolar constriction, avera 


arterial blood pl decreases ot 0.089 


pH units, average plasma bicarbonate content increases of 1.63 mEq./L. and 
average arterial pCO 


increases of 11 mm. He The most marked pco and 


pif changes occurred in the diabetie subjects with the most degeneration of the 
small blood VeOSS¢ ls 
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EFFECTS OF INTRAVENOUS HUMAN PLASMIN ON THE 
BLOOD CLOTTING MECHANISM OF TILE DOG 
Wittiam W. Coon, M.D., AND Ivan F. Durr, M.D. 

ANN ARBOR, MICH. 


LASMIN (fibrinolysin) is an active proteolytic enzyme which is normally 

present in human and animal plasma as its precursor plasminogen (pro- 
fibrinolysin : Its physiologic function has not been completely elucidated ; 
but it is thought to play a major role in the dissolution of hemostatie fibrin 
clots, and it has been proposed as the factor responsible for the fluidity of 
menstrual blood which is devoid of fibrinogen and low in other clotting ¢om- 
ponents Excessive activation of plasminogen To plasmin has been in- 
criminated as the etiologie factor in a hemorrhagic diathesis seen in some 
postsurgical? and obstetrical patients® and in certain patients with prostatic 
carcinoma. 

There is some experimental evidence to suggest that an infusion of plasmin 
might be of value in the proteolytie dissolution of intravascular thrombi of 
recent origin.’ However, since, at the same time, plasmin has been indicted as 
an agent capable of producing a diminution in clotting factors of a magnitude 
sufficient to induce a generalized hemorrhagic diathesis, considerable care is 
necessary in the therapeutie use of this enzyme. 

Although some studies have been reported coneerning alterations in 
fibrinogen following plasmin infusion in the dog we ean find no reports of 
any attempt to study other clotting factors. It has been the purpose of this 
investigation to collect data concerning alterations in fibrinogen, fibrinolytic 
activity, prothrombin, factor V, factor VII, and thromboplastin generation 


after a constant infusion of plasmin in varying dosages to large healthy dogs. 


The objectives have been twofold: 1) to find the optimal time-dosage regimen 
capable of producing maximal fibrinolytie activity with minimal alteration in 
other clotting factors; and (2) to delineate the changes in the coagulation 
mechanism produced by an excess of circulating plasmin. 


METHODS 


The human plasmin* used in this study was plasminogen, obtained through further 


purification of Cohn’s fraction III, which was activated with streptokinase, ultraviolet 


irradiated, and lyophilized. The streptokinase used independently in several experiments 


was the same preparation used in the activation of the plasminogen preparation. The 
From the Departments of Surgery and Medicine of the University of Michigan Medical 

School, Ann Arbor, Mich This research Was supported in part by the Lawrence J. Mont- 

gomery Fund for Surgical Research and Michigan Heart Association Fund, No. 50836. 
Received for publication Aug. &, 1957. 


*Plasmin and streptokinase were supplied through the courtesy of Merck Sharp & Dohme 
Research Laboratories, West Point, Pa 
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n vials containing 28,000 Christiansen units per vial, as assayed by 
n each instance, the dosage selected was administered by constant 
n 500 ee. of 5 per cent dextrose in water over a 2-hour period. 
were drawn in siliconed syringes from an exposed femoral vein prior 
30-minute intervals during the infusion, and 1 and 2 or 3 hours post 
xd was collected in calibrated siliconed test tubes containing a standard 
cent potassium oxalate. The methods used for fibrinogen,® fibrinolysis 
factor V.° factor VII, and thromboplastin generation!!! have been prey 
vd Periodic rectal temperatures were taken during the course of the in 
femoral cut-down wound was observed for evidences of abnormal bleeding 
[Infusions of human plasmin (with some of the originally added streptokinase present 


» administered to dogs varving in weight from 25 to 


30 Kg., the usual schedules being 


3,000, 3,700, 6,500, and 9,000 units per kilogram of body weight. Since the origina 


ogen preparation had been activated with 100,000 units of streptokinase per a 

considerable residual streptokinase activity was demonstrated in the final lyophilized 
preparation, logs were given infusions of 250,000 units of the streptokinase prep 
aration alone to mpare the proteolytic changes with those produced by plasmin adminis 
ration, hvdroeortisone has been ised en piricalls as a therapeutic antagonist i! 
hemorrhagic diathesis of fibrinolytic origin, 3} dogs were given separate but 
usions of 6,500 or 9,000 units of plasmin per kilogram of body weight 


of hydrocortisone sodium succinate over the same 2-hour period 


RESULTS 
Infusion of plasmin in a dosage oft 1,900 units Ke. bods weight produced 
no change in circulating fibrinogen; one blood sample during the infusion 
period demonstrated moderate fibrinolytic activity. At a dosage of 5,000 to 
700 units/Kg. body weight the fibrinogen progressively fell over the 2-hour 


infusion period from a normal of 355 mg. per cent to nonmeasurable levels at 


the end of the infusion. After the first half hour of infusion fibrinolytic 
activity 


was marked and remained so throughout the period of observation; 
total proteolytic degradation of a fibrin clot occurred in all samples taken at 
one hour and thereafter. Dosages in this range resulted in slight deereases in 
factor V and factor VIT activity; the 3,700 unit schedule produced marked 
prolongation ot thromboplastin generation (to the range of 10 per cent of nor 
mal when plotted against dilutions of normal plasmas 

Infusions of 6,500 to 9,000 units per Kg. body weight produced total loss 
of circulating fibrinogen within one-half to one hour after the start of th 
infusion; proteolytic activity of the plasma was marked, producing total dis 
integration of fibrin clots even at the first half-hour sample. Marked decreases 
in faetor V as well as in thromboplastin generation occurred. There was a 
slight decrease in factor VIL activity to that of 50 per cent plasma. A minimal 
prolongation in one stage prothrombin time could be explained on the basis 
of factor V depletion alone. Fig. 1 shows the changes produeed by the infusion 
of 6,500 Christiansen units/Kg. body weight to a dog weighing 30 Kg. 

Simultaneous infusion ot hydrocortisone produeed no direet inhibition of 

t he prot oly tic effeets of plasmin. 

Infusions of 250,000 units of streptokinase resulted in marked total 
fibrinolysis without any appreciable change in cireulating fibrinogen or in any 
of the other clotting factors 
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Repeated infusions of plasmin to the same dog resulted in gradually in 
creasing tolerance to the effects of plasmin. One dog received 6 infusions 
of plasmin over a period of 6 months. The last two infusions of 6,500 units 
per Kg. body weight resulted in considerable plasma fibrinolytic activity but 
no change in fibrinogen or any of the other clotting factors on either oceasion. 
It is quite possible that the fibrinolytic activity resulted from the presence of 
residual streptokinase in the preparation rather than to any effect of plasmin 
itself, 


4NFUSION PERIOD 


ILUTIONS) 


rn 
VU 


FIBRINOGEN 
-~----FACTOR Y 
——- — THROMBOPLASTIN GENERATION 


FIBRINOGEN 





<a 
= 
” 
a 
4 
a 
J 
a 
= 
c 
Oo 
2 
uw 
oO 
e 
a 
oO 
, 
vo 
<4 
u 
a 
o 
» 
Ss) 
a 
u 





15 
TIME IN HOURS 


ograms 


body ei 


DISCUSSION 


Knowledge concerning alterations in the clotting mechanism produced by 
an ‘intravenous infusion of human plasmin is of value from several aspects. 
More information concerning the depletion ol specific clotting factors in the 
hemorrhagic diethesis which follows excessive spontaneous activation of the 
plasminogen-plasmin system will be of value in the rational treatment of 
patients with this bleeding abnormality. From another point of view, the 
deliberate use of plasmin as an agent for producing dissolution of intravascular 
thrombi requires a knowledge of time-dosage relationships and of the danger of 
hemorrhage from too rapid administration or excessive dosage of this agent. 

These studies suggest that plasmin may affect all 3 phases of the clotting 
mechanism: thromboplastin generation, prothrombin activation, and_ fibrin 


formation. Certainly the major action of plasmin centers around its proteolytic 
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effects on fibrin and fibrinogen, but massive amounts appear to have an in- 
fluence on generation of thromboplastin. One cannot definitely assume that 
changes measured in the thromboplastin generation test are in facet due to 
changes in the first stage of clotting, since alterations in factor VIL may also in 
fluence this test. The fall in factor VII observed in our in vivo studies is known 
to occur in vitro. From the standpoint of treatment of a hemorrhagic state 
secondary to excessive circulating plasmin, replacement of the substrate defect 
could be accomplished by administration of fresh plasma or whole blood, pref 
erably supplemented with large amounts of lyophilized fibrinogen. Although 
we have not been able as yet to localize a specific defect in the first phase of the 
clotting mechanism, the abnormality may be a deficiency of antihemophilic 
globulin; since the Michigan Department of Health has a lyophilized prepara- 
tion of antihemophilic factor, we would also be inclined to use this agent as 
well in the treatment of a hemorrhagie diathesis of this nature. This is a passive 
form of treatment, however, which supplies depleted substrate but has no direct 
effect on inhibition of plasmin effects; it would be far more desirable to induce 
a direct inhibition of plasmin. Under the conditions of this experiment, hydro 
cortisone was ineffective in spite of the apparent improvement noted by 
Stefanini’* and by Coon and Hodgson'® in several clinical cases. We plan to 
study in vivo inhibition of plasmin with a platelet factor reported to be effective 
in vitro. 

Under the conditions established for this study, satisfactory fibrinolytic 
effects were not observed until the totally administered dosage of plasmin was 
such that marked decreases in fibrinogen level and variable alterations in 
thromboplastin generation also occurred; optimal fibrinolysis was obtained with 
a minimum dosage of plasmin of 3,000 te 4,000 units/Kg. body weight over the 
2-hour infusion period. Streptokinase alone was capable of producing almost 
complete fibrinolysis with negligible changes in any of the other clotting factors. 
The difference in results following the injection of streptokinase alone may he 
explained by the facet that, in the absence of human plasminogen, activation of 
the dog’s own plasminogen occurs to a lesser degree than when streptokinase 
and small amounts of human plasminogen are administered together.’* ' 

It is quite possible that plasmin could be used effectively in smaller doses on 
a regional basis; for example, for distal injection into a popliteal artery after 
operative removal of an embolus in order to lvse clot propagating distal to the 
site of embolus. Under these conditions local concentration would be maximal 
with considerably less of a S\ stemie effect. 

Since pyrogenic response was minimal in these animals and other observers 
have shown that this agent has some effect on the dissolution of recent thrombi, 


we feel that plasmin could be used safely in humans. We are planning a cautious 


approach with relatively small dosages in the treatment of recent superficial 


venous thrombi where an objective evaluation can be made relative to the dis- 
appearance of the thrombotie process. It is essential that these patients be fol- 
lowed as well with repeated studies of changes in the clotting mechanism. 
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SUMMARY 


These studies suggest that plasmin in sufficient concentration may alter all 
3 phases of the clotting mechanism in vivo. These changes are discussed with 
respect to the clotting abnormality associated with excessive fibrinolysis seen in 
some patients with a hemorrhagic diathesis. 

Satisfactory time-dosage infusion data for cautious administration of 


plasmin to humans have been presented. If satisfactory proteolytic degradation 


of intravascular clots can be safely obtained with plasmin, it may prove to be 


a valuable therapeutie agent in certain cases of thromboembolism. 
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ANTIHEMOPHILIC FACTOR DEFICIENCY IN THE FEMALE 
J. J. McGovern, M.D.,* ano A. G. Ste inperG, Px.D.** 


Boston, Mass. 


HE present report concerns the identification of antihemophilic factor 


AHF) deficiency in a female child suffering from a hemorrhagie disorder 


clinically resembling classic hemophilia. This case is of interest because of its 


rarity, and serves to illustrate the use of some of the newer laboratory pro 


cedures in the diagnosis of obscure coagulation problems. 


M.G.HL. 775856, propositus, This 6-year old white girl was ad 

removal of her tonsils and adenoids on June 16, 1955 

bruising and of excessive bleeding following denta 

revealed that the maternal grandfather was said to be 

‘*bleeder.’’ hysies ‘Xamination revealed a 20 kilogram girl, who was norm: in 
appearance X¢ r marked ‘niarged ‘ | and a small hematoma i 
cheek The cor ‘ hemoglobin was 12 Gm. per 100 ml, there were 

cubic ane he differential cell distribution was normal. 
acobson method. and the elotting time was 
of Lee and White. 


ator, findings a tonsillectomy and adenoidectom 


as first treated dailv with Adrenosem,+ 5 mg 
urgery because the past history and the family history 
diathesis. Immediately following the surgery there devel 
could not be controlled by the application of an ke 
administratio f 1,000 ml. of fresh whole blood was required to 
and restore lood lost during the first 48 hours postoperatively, 
rd postoperative day cause constant, uncontrollable 
perative te occurred at home the patient was readmitted on the fiftl 
One liter fresh whole blood was administered during the next 48 hours 
the propositus ’.. M., aged 67, was diagnosed 
n life it was noticed that extensive 
the nose and other areas of the body. Cuts and 
norrhage which would last for many weeks and 
nistration of fresh blood. Minor surgery was a 
catastrophic, hemorrhage. Hematomas were frequent, as 
however, was able to lead a productive life and was 
Harvard Medical School, and the Children’s Medical 
Boston Mass 
in institutional grant (M.ci}.H.) from the Ameri« 


Massachusetts General Hospital, Boston, Ma 


Biolo ind Assistant Professor Human Genetic 
Reserve University Cleveland, Ohio 
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not crippled, lroublesome hemorrhages oceurred frequently intil the age of about 50, 


when they became much less frequent and less severe Other treatment, which proved to 
be of temporary benefit, consisted of injections of rabbit serum, horse serum, and serun 


from hi 
MATERIALS AND METIIODS 


\. Coagulation Studies.—Blood was obtained from a vein in the antecubital fossa using 
ordinary syringes and needles. After venipuncture the first several milliliters of blood ob 
tained were discarded and the remainder collected in a separate syringe. When plasma was 
required, 9 volumes of blood were mixed with one volume of 0.1 M sodium oxalate, and the 
cells sedimented* at 2,000 r.p.m. for 20 minutes in ordinary glass tubes 

Clotting times of whol 


’ 


ubes by a modification 


test 
Platelets were counted by » phase micros opy 1 : che Cronkite 
Bleeding times were determined by i? | ! ‘ by Jacobson. 
Prothrombin time was determined 1 t} of uick.4 Specifie | rothrombin 
determination in the plasma and in the serum was carrie yy Alexander’s modification 
Owren method 
Thron boplasttm generation tests were done \ f iggs and Douglas 
modifications | | t as \ arium sulfate rather 
than aluminum hydroxide and (2 lvophilized platelet material} as used instead of the 
subject ’s platelets, after it had been demonstrated | he subject’ latele were 
normal. ») O.3 ml. aliquots were used, rather than 0.6 n to conserve the limited supply 


of the patient’ plasma 


Plasma antihemophilic factor activity was assayed by means of tl thromboplastin 


veneration test. \ group of 6 curves wa cor i ‘d, each representing the results of 
the thromboplastin generation test carried out over a 1 inute period. Six different 
incubation mixtures were used, representing 100, 50, 16, 8, 1, and 0 per cent AHF activity, 
respectively, These were obtained as follows: fresh plasma w: ‘ d from 10 nor 


mal donors, pooled, absorbed h F I ilfate, and diluted 5 eronal buffer 
I 


This pool of plasma was selected t ‘ r tl ide variation in antihemophilic 
factor activity in normal individuals. } jasma was designated as containing 


100 per cent AHF. Plasma from 3 clinically ‘vere hemophiliacs was pooled and treated 
similarly This pooled hemophilie plasma ws considered to coniain 0 per cent AHF 
Four mixtures of these plasmas were ma n such proportions thé ‘ach contained 
coneentrations of 50, 5, S, and 1 per cent AHF activity, respectively. separate thrombo 
plastin generation . were then carried out, using lvophilized platelet material, normal 
serum, and each of the four plasma mixtures acl . observed clotting time of 


the incubation mixture was plotted against 1 , ubation. Each of the 6 curves 
represented a known amount of AHF activity, and this graph served : a basis for 
estimating the AHF activity in unknown samples (Fig. 1). This method of depicting 
the curve of thron boplastin generation was preferred to the usual method of expressing 
per cent thromboplastin formed per minute of ineubation because it expresses results 
which may readily be compared with the data of other workers. 

The principle of the thromboplastin veneration test depends on the fact that the 
presence of thromboplastin in maximal amour | lead to fibrin formation in the 
substrate in 8 to 12 seconds, after 3 to 5 minute incubation When a reduced rate 
of thromboplastin generation is present a longe eriod of incubation is required to ob 

in clotting times of 8 to 12 seconds. If an unknown sample of blood presents an ab 
normal thromboplastin generation, then a diagnostic substitution process is carried out 
wherein plasma, serum, or platelets known to be normal are substituted for each of 


*International centrifuge, Model BP. equipped with a four-place head and 550 ml. eups 
ivailable from International Equinment Company, Boston, Mass 


fKindly supplied by Dr. Edmund Klein, Children’s Cancer Research Foundation, Chil 
iren's Medical Center, Boston, Mass 
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these respective blood components from the patient. After the site of the defect has 
been localized, i.e., in the serum, plasma, or platelets, specific identification procedures 
are followed In these, the corrective effects of the unknown blood are observed on the 
abnormal thromboplastin generation of blood from a patient whose 


PTA, PTC, AHF is known. If the unknown blood « 


specific deficienes 
an correct the thromboplastin 
veneration defect of the known defective blood, it is concluded that their defeets differ. 


By this process it 1s possible to identifv a specith defect, 


80¢ 





CONDS 


TING TIME IN SE 


kK 
b 
-: 


CLC 


MINUTES OF INCUBATION 


Thromboplastin generation tests showing comparison between curve of Patient 


) and curves made from samples of blood containing known amounts of AHF 
rhe figure demonstrates the degree of AHF deficiency (6 per cent) in the patient, 
thromboplastin generation method of assay 


Capillary fragility was tested by maintaining a blood pressure cuff on the arm at a 


pressure midway between the systolic and diastolic pressures for 5 minutes. 


{C Globulin was determined by the method of Alexander SPCA was determined by 
the method of Alexander.® 


The presence of circulating anticoagulants was investigated by the method of Stefanini.® 
B. Special Studies.—The cireulating polymorphonuclear leukocytes and the epithelial 


cells of the buccal mucous membranes were examined to determine the patient’s genetic 


sex,! 


The blood types and the electrophoretic patterns of plasma of the family members!? 
were determined, 


RESULTS 
A. Laboratory Findings.—The results of the laboratory findings on the 
patient, her maternal grandfather, and the available family members are shown 
in Table I. Tests 1 through 10 of the table demonstrate that with the exception 
of the slightly prolonged clotting time of the maternal grandfather, the clotting 
pattern of the patient and of her family is normal. The thromboplastin genera- 
tion test and the plasma AHF assay (tests 11 and 12, Table I), however, clearly 


* 


Plasma thromboplastin antecedent PTC 


\ Plasma thromboplastin component ; 
AHF Antihemophilic factor deficiency 
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delineated the quality and quantity of the coagulation defect present in the 
patient and her grandfather. In the thromboplastin generation test the pa 
tient’s plasma appeared to be similar to that of a male with mild, classical 
hemophilia who was being studied at the same time (Figs. 1 and 2 The 
studies of the patient’s ability to generate thromboplastin under a wide variety 
of conditions demonstrated that the only detectable abnormality is a deficiency 
of AHKF (Table IL) and that she does not have a deficiency of either plasma 
thromboplastin antecedent (PTA) or component PTC). The plasma AHF 
assay described above indicated that the patient had about 6 per cent AHF 
Table I) and her grandfather had about 2 per cent 


80; 


KNOWN HEMOPHILIAC 
(AHG DEFICIENCY) 


ONDS 


PRESENT PATIENT 


TIME IN SE 


OTTING 


r 
ccd 


NORMAL CONTROL 


Xe XK KX 


| | | 
6 7 8 
MINUTES OF INCUBATION 
eneration te showing comparison between normal control 
hemophiliac, and present patient 
Samples of blood from the pati nt and members of her family, unidentified 
as to name and sex, were sent to other laboratories for confirmative testing. Dr 
Robert Goldstein of the Beth Israel Hospital, Boston, found that the patient’s 
and her grandfather’s plasma were not able to correet completely the prothrom 
bin consumption defect of a known severe classical hemophiliae (Table III 
while the plasma of the other members of the family did so. Dr. Stanley Porter 
of the Children’s Medical Center, Boston, studied the patient and her grand 
father and found that each had an abnormal thromboplastin generation test 
which was correctable by normal plasma but which was not correctable by the 


addition of the other’s plasma. 


Thirty per cent of a sample of cells from the patient’s bueeal mucosa 


showed the chromatin masses characteristic of female cells..°°. Twenty per cent 


of the polymorphonuclear leukocytes in a smear of the patient’s peripheral 
blood showed the drumstick structure, characteristic of the cells of females. 
lence, the eytologic studies confirm the conclusion reached on morphologic 
grounds that the patient is female. 
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Bernfeld'’ has discovered an abnormality in the electrophoretic pattern of 
the plasma of patients with a variety of hemorrhagic disturbances as well as 
family members of some classical hemophiliacs, which he has termed the 
alpha-X anomaly. The abnormality, which is much more pronounced in the 
ascending boundaries than in the descending boundaries, consists of: (1) a 
sharply pointed peak (alpha-X) which migrates faster than the usual alpha-2 
globulin. 2) The disappearance of the usual alpha-2 and alpha-3 globulin 
peaks. (3) A pronounced asymmetry to the shape of the alpha-X peak. Electro- 
phoretie analysis of the plasmas of the family members was done to test for the 
alpha-X anomaly.* The anomaly was not found in the electrophoretie patterns 
of any of the family members. The patterns of the patient’s sibling, N. S.; 
mother, Mrs. S.; maternal grandmother, Mrs. M.; and maternal grandfather, 
Mr. M., were normal and similar in appearance. The patient’s pattern, while 
normal, differed markedly from that of the others in that the alpha-1 globulin 
concentration was moderately elevated, the alpha-2 globulin concentration was 
ereatly elevated, but the concentrations of the beta-1 and gamma globulin were 
low. 
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PROPOSITUS 
FEMALES MALES 


NORMAL 
NOT TESTED THE FIGURE AT THE LOWER RIGHT OF 


NORMAL A SYMBOL SHOWS THE PRESENT AGE 
~) TESTED OF LIVING INDIVIDUALS OR AGE AT 


POSSIBLY HEMOPHILIC DEATH FOR DECEASED(D) INDIVIDUALS. 
NOT TESTED 


HEMOPHILIC 
TESTED 
Fig. 3 Pedigree of the family of a female child with AHF deficiency. 


b. Inheritance.—Classical hemophilia (AHF deficiency) is inherited via a 
sex-linked recessive gene; hence an affected female would be expected to have an 
affected father. The elinical and laboratory data, however, indicate that the 
patient's father is not affected. Some consideration, therefore, must be given to 
other possible genetic explanations of the pedigree (Fie. 3). 

Information for the pedigree was obtained by direct interviews with II-3, 
(1-5, I1l-3, and I11-4; 11-2 was interviewed by telephone. Only II-3, I1-5, 


*Kindly performed by Dr. Peter Bernfeld of the New England Center Hospital 
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111-3, IfI-4, IV-2, and IV-3 were examined. II-4 was reported by II-3 and 
11-5 to be a bleeder, but her hospital record showed no evidence to support this 
and she denied, over the telephone, that she was a bleeder; but this woman, 
who is a recluse, refused to be examined or to permit us to visit her. III-2 
denied any knowledge of a bleeding tendency in herself or any of her relatives. 
She was certain that neither her father nor his mother was a bleeder. This 


assertion is in agreement with the statements of II-3 and II-5 


TABLE III. Errect or 0.1 ML. oF PLASMA FROM Various DONORS ON THE PROTHROMBIN 
CONSUMPTION OF 2 ML. OF AHF DericieEnt WHOLE BLoop 


RESIDUAL SERUM PROTHROMBIN CONTENT OF AHF 
DONOR DEFICIENT WHOLE BLOOD (PER CENT 
Patient, D. 8S. 
Sibling, M. 8. 
Mother, Mrs. 8. 
Maternal grandmother, Mrs. M. 
Maternal grandfather, Mr. M. 


Saline 

Note the partially corrective effect of the patient's and grandfather's plasma on the pro 
thrombin consumption of a severe hemophiliac (AHF) This would suggest that their defi- 
ciencies are not extreme 

The fact that the patient’s parents are second cousins (their mothers be 
ing first cousins, and their maternal grandfathers being siblings) seems to be of 
no significance, because the AHF deficiency is introduced via the family of 
the maternal grandfather and this family is unrelated to the other. 

The hemophilia suffered by the patient’s grandfather (11-3) is mild, similar 
to that deseribed by Graham and associates'® in which some heterozygotes show 
reduced AHF. Hence, a possible explanation of the pedigree is that both the 
patient and her mother are heterezygous for the gene which gave rise to the 
grandfather’s hemophilia, and that they represent the opposite extremes of 
variation of AHF content in heterozygotes. This would be analogous to the 
situation in cystic fibrosis of the pancreas in which the concentration of electro 
lvtes in the sweat of the heterozygotes varies from the low normal range well 
into that of the patients. The alleged bleeding tendeney of Il-4+ would be in 
agreement with this assumption. 

Another possibility is that the patient is the child of a mating between 
her mother and her maternal grandfather. This possibility was eliminated by 
comparing the blood types of the members of the family (Table IV). The 
patient is Ryr while her mother is rr, her grandfather is R.r, and her legal 
father R,R.. Clearly the child could not have resulted from a mating of her 
mother and grandfather, but she could have been the offspring of her legal 
parents 

The pedigree does not exclude the possibility that the hemophilia in this 


family is due to an autosomal dominant with incomplete penetrance nor, for 


that matter, does it exclude autosomal recessive inheritance. The latter possi- 
bility, however, would require that I-1 and I-2 both be heterozygous for the 
gene involved and that ITI-4 also be heterozygous for this same gene. While 


it is possible for 3 unrelated people in a single pedigree to be heterozygous for 
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what would have to be a very rare gene, it is highly improbable that such is 
the ease. Similarly it is highly improbable that a sperm, bearing a mutation 
to the recessive allele for hemophilia, fertilized an egg carrying this allele. 
Finally, various bizarre chromosomal anomalies known to arise in animals 
other than man could be postulated. The most likely explanation, however, 
seems to be that the patient is heterozygous for an allele of classical hemophilia 
and exhibits an extreme AHF deficiency. The explanation cannot be tested 
until the patient has offspring and then only if she has a normal son. 


TABLE IV. 3L00D TYPES OF THE PATIENT AND HER FAMILY 


Female pa 
tient, D. S. 


Female sib 


ling, N. S. 
Mother, Mrs. 
S. 


Father, 
Mr. 8. 


Mrs. M.., 
ternal 
grand 
mother 


Mr. M., 
ternal 
grand 
father 


Positive negative. 


Inspection of this table indicates that the patient, D. S., has one Rh subgroup, C, which 
is common to none of the others tested except her father, Mr. S 


This table records the results of the blood grouping studies on the family which indicate 
that the maternal grandfather could not be the biologic father of the patient 


DISCUSSION 


A consideration of reported hemorrhagic conditions from which females 
suffer did not provide an explanation of the diagnosis in this case. It was 
evident that this patient did not belong in that group of cases first described by 
Alexander and Goldstein'® and later by Shulman and Smith and others,’ !” 
which exhibits a dual hemostatie defeet, namely, a prolonged bleeding time in 
combination with reduced amounts of plasma AHF. Furthermore, it is un- 
likely that she had an acquired defect such as deseribed by O’Brien and as- 


sociates.'* The medical literature relating to the detection of hemophilie car- 


riers by laboratory techniques is conflicting. The basis for the conflict may 


reside in the differences of techniques employed and in the failure in the past 
to differentiate the hemophilioid diseases from classical hemophilia. This sub- 
ject has been recently summarized by Margolius and Ratnoff.’2 Nonetheless, 


it is clear that in a few instances one may find female carriers who have minor 
bleeding manifestations without demonstrable laboratory abnormalities of coag- 
ulation, or, on the other hand, one may find asymptomatie earriers with slight 


aberrations in their clotting mechanism which ean be detected only by sensitive 
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laboratory techniques.'? The present patient appears to have a combination of 


these previously reported findings, i.e., definite hemorrhagic manifestations 


and abnormalities in coagulation which are easily detectable in the laboratory. 


In short, this female child appears to have clinical hemophilia as well as labora- 
tory hemophilia, i.e., AHF deficieney. 

The possible genetic explanations for the occurrence of hemophilia in this 
patient have been discussed above. It seems most likely that the patient is an 
example of a carrier of an allele leading to a mild form of hemophilia with a 
reduced amount of plasma ATIF, such as deseribed by Graham and co-work 
ers..°'5 She is not identical with these cases, however, in that she has clinical 
hemorrhagic tendencies which were not present in the female carriers detected 
by Graham and associates. Nonetheless, a number of similarities and some 
differences between this family and that of Graham’s should be noted. The 
maternal grandfather in the family under discussion has classical hemophilia 
of a mild type. The diagnosis of hemophilia is based on the fact that he is a 
male, that his clotting time is prolonged, and that he has a deficiency of plasma 
AHF. His advanced age and lack of crippling attest to the clinical mildness 
of his condition. While hemarthroses have occurred, he has survived, and he 
has withstood hemorrhoidectomy and herniorraphy successfully albeit with the 
assistance of numerous blood transfusions. His clinical status is somewhat 
similar to that of the male members of the family described by Graham and 
associates who have a mild form of hemophilia. In contrast to the findings in 
the members of the latter family, in whom the laboratory defect was so slight 
that without the very sensitive AIIF assay it would have been difficult to detect 
it, the defect in our patient is marked and easily detected. D. S., the subject 
of this report, demonstrated very much the same clinical course as her grand 
father. From the laboratory viewpoint, her clotting defect was less extensive 
than his (her clotting time was normal) and her plasma AHF deficieney was 
not as marked. It should be noted, however, that attention was first called to 
her because of extensive hemorrhage following minor surgery. It must be re 
membered that the AHF assay used in this study is not a quantitative determi 
nation in the chemical sense of the term, and for this reason it is hard to be 
exact concerning the concentration of AHF in these patients. 

Thus, the results of clinical. laboratory, and genetic studies most closely coin 
cide with those of a female carrier of classical hemophilia, who has a detectable 
coagulation defeet. The data which have been presented would support the sug 
gestion that the mutant gene carried by the present patient is incompletely reces- 
sive, and that she has a degree of clinical expression of hemophilia not observed 
or previously reported in female carriers. 

It is clear from the foregoing that there are a number of clinical situations 
which can result in a deficiency of plasma AHF in females. It would perhaps 
be wise to restrict the term ‘‘hemophilia in the female’’ to those individuals 
who can be shown to be homozygous for the sex-linked gene leading to classical 
hemophilia in the male. Others, such as the one deseribed in this paper, might 
best be referred to as ‘‘detectable carriers. ’’ 
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CONGENITAL COAGULATION DEFICIENCY OF 
STUART FACTOR ACTIVITY 
LORRAINE M. Gonyera, M.S., AND WILLIAM Krivit, M.D. 
MINNEAPOLIS, MINN. 


HE complex nature of the prothrombin activity in the coagulation scheme 

has been intensively studied in the past decade. For optimal conversion 
of prothrombin to thrombin, 3 factors have been generally accepted as neces- 
sary: prothrombin, a labile faetor (factor V, proacecelerin, or accelerator 
globulin), and a stable factor (faetor VII, proconvertin, or serum prothrombin 
conversion accelerator)..°  Reeently, Hougie, Barrow, and Graham® have 
identified an additional activity, tentatively ealled ‘‘Stuart’’ factor. This 
activity is present in normal plasma and serum but not in plasma adsorbed 
with barium sulfate. <A deficiency of Stuart factor has been defined in a 
patient who was previously described as having a congenital hypoproconverti- 
nemia (Lewis and associates).’ Hougie’s differentiation between proconvertin 
SPCA) and Stuart factor was based upon the observation that his patient 
had an abnormal thromboplastin generation test and a prolonged Russell viper 
venom (Stypven) time, whereas these tests were normal in reported eases of 
proconvertin deficiency. Deficiencies of both factors had in common a_pro- 
longed Quick prothrombin time and a delayed prothrombin conversion (two 
stage prothrombin time) which were correeted by normal serum but not by 
barium sulfate adsorbed plasma. Experiments in which plasmas from Stuart 
factor and proconvertin deficiencies were mixed demonstrated that these two 
plasmas were mutually corrective in the prothrombin time test. 

The present study is an investigation of a patient (J. L.) who was first 
reported by Hagen and Watson* as idiopathic familial hypoprothrombinemia. 
Later, Frick and Hagen’ defined this patient’s deficiency as one of stable pro- 
thrombin conversion factor. We now believe that the evidence indicates the 
deficiency to be one of Stuart factor activity. 

In a re-evaluation of this patient, an abnormality of the thromboplastin 
generation test and a prolonged Russell viper venom time were observed. When 
plasma from Owren’s patient with proconvertin deficiency was mixed with 
plasma from our patient, a correction of their respective prolonged prothrombin 
times was observed. When serum from Hougie’s patient with Stuart factor 


deficiency was mixed with plasma from our patient, no correction occurred. 
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Numbe 
The purpose of this study is to present evidence that the deficiency present in 
our patient is not that of proconvertin but is consistent with a deficieney of 
Stuart factor. 

MATERIALS 

Plasma Samples.—Venous blood from the patient and from normal controls was mixed 
% parts to 1 with sodium oxalate 0.1 M or with sodium citrate 3.13 per cent and centrifuged 
at 3.000 r.p.m. for 15 minutes. 

Proconvertin deficient plasma from Owren’s patient was obtained in the lyophilized 
state through the courtesy of Dr. Peter F. Hjort. 

Stuart factor deficient serum was obtained in the lyophilized state through the courtesy 

Dr. John B. Graham. 

Plasma free from prothrombin, proconvertin, and Stuart factor was obtained by mixing 
human or beef oxalated plasma with barium sulfate, 100 mg. per ml. plasma, for 15 minutes. 
The adsorbed plasma was separated after centrifuging at 3,000 r.p.m. for 15 minutes, 

Scrum containing stable activities was obtained from normal blood to which thrombo 

had been added. The serum, after separation from the clot, was stored for 48 hours 


in the Russell viper venom-cephalin prothrombin assay, serum similarly obtained was 


stored for 4 days, mixed with 1:10 volume sodium oxalate 0.1 M, and adsorbed with BaSO,, 


100 mg. per milliliter of serum. The adsorbate was eluted with sodium citrate, the eluate 


vas dialyzed for 20 hours against sodium chloride and the pH was adjusted to 7.4.1 The 


solut'on was stored at -20° C. 


Platelets were prepared from blood mixed with sodium EDTA as anticoagulant. The 
blood was centrifuged slowly, the platelets were removed and washed 3 times with saline, 
and the suspension was reconstituted to one-third the original plasma volume.  Siliconized 
syringes, needles, and glassware were used in all manipulations with platelets. 

Rabbit brain thromboplastin® was used throughout. 

R | viper venom (Stypven)t was used in a concentration of 1:10,000 (10 mg. per 
100) mil. ie Russell viper venom times, with or without thromboplastin. In the specific 
assay for prothrombin, using Russell viper venom in combination with cephalin, the con 
centration of viper venom was 1:40,000. 

Cephalin was prepared according to the method of Hjort, Rapaport, and Owren.1! 
The crude cephalin was extracted with ether from acetone-dried human brain, suspended in 
veronal buffer and stored at -20° C. In the partial thromboplastin test, cephalin was used 
in a concentration of 0.3 per cent, In the specific assay for prothrombin in combination 


vith Russell viper venom, cephalin was used in a concentration of 0.15 per cent. 


METHODS 


Whole blood clotting time was done by a modification of the method of Lee and White, 
using siliconized syringes and needles but nonsiliconized glass test tubes. 

One-stage prothrombin times were done according to the method of Quick.!2 

Two-stade prothrombin determinations prothrombin eonversion rates were done as 
described by Friek.2 The test plasma was diluted 0.1 ml. in 2.6 ml. saline; 0.9 ml. of this 
plasma dilution was pipetted into the reaction mixture which consisted of 1.6 ml. saline, 
0.8 ml. acacia, 0.15 ml. imidazole buffer, and 0.15 ml. thromboplastin. At intervals of 1 to 
2 minutes, 0.4 ml. of the reaction mixture was pipetted into a test tube and mixed with 


0.1 ml. fibrinogen 0.5 per cent. 


Difco Laboratories, Detroit, Mich. 
+Burroughs Wellcome & Co., Inc., Tuckahoe, N. Y 
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Prothrombin consumption was estimated with the two-stage prothrombin technique, by 
measuring the residual prothrombin activity 30 and 60 minutes after phlebotomy.® Pro 
thrombin consumption was also estimated with Russell viper venom-cephalin prothrombin 
method by measuring the serum prothrombin 60 minutes after phlebotomy. 

Russell viper venom times and Russell viper venom-thromboplastin times were done 
as deseribed by Hougie, Barrow, and Graham.' 


Thromboplastin generation tests were done as deseribed by Biggs and Douglas. 


ge 
Partial thromboplastin times were done according to the method of Langdell, Wagner, 


Brinkhous.'4 One-tenth milliliter oxalated plasma was mixed with 0.1 ml. cephalin 


per cent, and the clotting time at 37° C. was measured after the addition of 0.1 mil. 
1 O.O1 M, 

Proconvertin assay was done using proconvertin deficient plasma as a substrate. One 
tenth milliliter thromboplastin, 0.1 ml. adsorbed beef plasma, 0.1 ml. proconvertin deficient 
plasma, and 0.1 ml. test plasma diluted 1:10 were mixed; the clotting time at 37° C. was 

asured after the addition of CaCl. 0.02 M. 
Russell pe enom-cephalin method for prothrombin ASSAY WAS done as described by 
Rapaport, and Owren.!!) One-tenth milliliter Russell viper venom 1:40,000 in cephalin 
er cent was mixed with 0.1 ml. adsorbed beef plasma and 0.1 ml. test plasma diluted 
| the clotting time at 37° C. was measured after the addition of CaCl. 0.035 M. 
odifieation of this method!® was also used, which introduced into the test systen 
the barium sulfate adsorbate from normal serum. The test system was the 
at CaCl, was mixed 4 parts to 1 with the serum eluate, and this mixture was 
of the CaCl, alone. 
prothrombin activity was ‘ad from a correlation graph prepared for the 


systems. 


TABLE [. ONE-STAGE PROTHROMBIN (QUICK) TIMES 


NORMAI NORMAI OTTING 
ADSORBED SERUM J. Te PROCON VERTIN STUART FACTOR TIME 
PLASMA ELUATE *>LASMA DEF. PLASMA DEF. SERUM SEC. 
21.0 
0.05 54.0 
0.05 17.8 
0.05 19.5 
0.05 13.0 
SOLO 
°0.6 
18.0 
0.05 
0.05 
0.05 
0.05 0.05 


romboplastin ) plasma as indicated: 0.1 ml 


RESULTS 
The whole blood clotting time at the time of these investigations was 23 
minutes; the normal range in our laboratories is 10 to 20 minutes. 


One-Stage Prothrombin Times.—The Quick time was prolonged, and was 


corrected by normal plasma and by normal aged serum but was not corrected 


by fresh barium sulfate adsorbed plasma (Table 1). When the patient's plasma 
was mixed with plasma from a patient with proconvertin deficiency, a normal 
Quick time resulted although both these plasmas by themselves had markedly 


prolonged Quick times. When serum from a patient with a deficieney of Stuart 
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factor was mixed with proconvertin deficient plasma, a normal Quick time 
again resulted which demonstrated a mutual correction between these deficiencies. 
According to Hougie and associates® the Quick time of Stuart plasma was pro 
longed. When the patient’s plasma was mixed with Stuart deficiency serum, 
the Quick time remained prolonged, which indieated that the patient's plasma 
and Stuart deficiency serum had a common deficiency. 

Two-Stage Prothrombin Determinations.—The two-stage prothrombin eon- 
version rate was delayed although the minimal clotting time did eventually be 
come normal (Fig. 1). This indicated that although the rate of prothrombin 
conversion was delayed, the total amount of thrombin formed was normal and 
thus the amount of prothrombin was normal. The rate of prothrombin econ 
version, as measured by the two-stage prothrombin method, was corrected by 
normal aged serum but not by fresh barium sulfate adsorbed plasma (Fig. 1 
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Prothrombin conversion (two-stage technique) in minutes 


The abnormal rate of prothrombin conversion of our patient’s plasma was 
corrected by serum from a patient with a deficiency of plasma thromboplastin 
component (PTC or hemophilia B Fig. | 

The two-stage prothrombin determinations showed some variation on 3 
separate occasions. However, at no time was the prothrombin conversion within 
the normal limits. With this method, the normal clotting time of 10 seconds is 
usually reached between 2 and 4 minutes. In our patient, a clotting time of 
10 to 12 seconds was not reached until 6 to 18 minutes. 

The plasma from the proconvertin deficient patient demonstrated a 
markedly delayed prothrombin conversion rate (Fig. 2). These abnormalities 
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in the rate of prothrombin conversion in plasmas from our patient and from 
the patient with a deficiency of proconvertin were corrected to the normal range 
of prothrombin conversion when their respective plasmas were mixed. However, 
serum from the patient with Stuart faetor deficiency was not able to correct 
the delayed prothrombin conversion of our patient’s plasma. 
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Prothrombin conversion in minutes 





Prothrombin Consumption.—F rick and Hagen’ noted previously that this 
patient had an adequate and normal consumption of prothrombin by the two 
stage method. This was confirmed in the present studies. When prothrombin 
consumption was measured in the RVV-cephalin test system, 76 per cent of 
the plasma prothrombin was consumed (Table II). This would appear to be 
at the lower limits of the normal range. 


TABLE II. PROTHROMBIN CONSUMPTION 


PLASMA SERUM PER CENT PLASMA 
PROTHROMBIN PROTHROMBIN PROTHROMBIN 
METHOD (PER CENT (PER CENT) CONSUMED 
RV\ cephalin prothrombin 90 20 70/90 76 
Two stage prothrombin 100 5 95/100 95 


Thromboplastin Generation Test—Thromboplastin generation test was ab- 
normal on two occasions (Fig. 3). This abnormality was not correeted when 
normal barium sulfate adsorbed plasma was substituted for the patient’s ad- 
sorbed plasma in the incubation mixture. When normal serum was substituted 
for the patient’s serum in this mixture, thromboplastin generation was normal. 
Normal platelets when used with patient’s plasma and serum resulted in an 
abnormal thromboplastin generation (Fig. 3). 
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Thromboplastin generation was normal when serum from hemophilia B 
(PTC) was used 1:1 with patient’s serum in the test system (Fig. 4). Sub- 
stitution of the patient’s adsorbed plasma, in the thromboplastin eration 


gen 
test of a hemophilia A (AHG) patient, resulted in a normal test (Fig. 4). 
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Thromboplastin generation test (in minutes) 


When Stuart factor deficient serum was substituted for the patient’s serum, 
the thromboplastin generation test remained abnormal! (Fig. 4). 

Partial Thromboplastin Times.—The normal values in our laboratory ranged 
from 27.5 to 42.6 seconds. The patient’s partial thromboplastin time with eephalin 
was 94 seconds (Table IIT). 
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TABLE IIT. ParriaAL THROMBOPLASTIN (CEPHALIN) TIMES 


Normal range 27.5-42.6 see. 
J. Ll 94 see. 


1 mil. cephalin 0.3 per cent 0.1 ml. plasma 0.1 ml CaCl 06.01 M 


Russell Viper Venom.—When only Russell viper venom was used as a partial 


thromboplastin, the patient’s plasma (69.1 see.) appeared to have significantly 


less activity than normal plasma (27.6 to 37.0 see.) (Table IV). The activity 
of the lvophilized proeconvertin deficient plasma (46.4 see.) was between thes« 
extremes. Similar differences were observed when Russell viper venom and 


saline were used in the test mixtures. 


TABLE IV. Russe_Li. VireeR VENOM (StypveEN) TIMES 

NORMAL J. i PROCON VERTIN STUART F. CLOTTING 

PLASMA PLASMA DEF. PLASMA DEF. SERUM (SEC. 
0.1 27.6-37. 
69. 

+6. 
51.5 
104.3 
0.1 62.6 
13.9 
O00 ; 
0.05 


Test systen ml. Russell viper venom 1:10,000; 0.1 ml. plasma as 


CaClh 6.01 M 


An equal mixture of patient’s and normal plasmas gave a result of 43 see. 
When the patient’s plasma was mixed with an equal volume of proeconvertin 
deficient plasma, the combined activity was slightly greater (33 see.). A mixture 
of patient’s plasma and Stuart’s serum showed a markedly decreased activity 

101 see Table IV 

These tests, although done on lyophilized plasma, demonstrate con- 
sistent corrective effects of normal and proconvertin deficient plasma and a lack 
of correction of Stuart factor deficient serum on our patient’s plasma. The 
slightly abnormal time of the lyophilized proconvertin deficient plasma when 
used with Russell viper venom alone conceivably might be normal if fresh plasma 
had been used, but, in present context, this should be compared to the normal 
times obtained below when lipoid substances are ineluded by addition of 
eephalin 

Russell Viper Venom and Cephalin or Thromboplastin.—By adding either 
cephalin or thromboplastin to Russell viper venom, the behavior of the patient’s 
plasma and of proconvertin deficient plasma differed markedly (Table V and 
VI The clotting time of proconvertin deficient plasma was the same as that 
of normal plasma while the clotting time of the patient’s plasma was consider 
ably longer 

Russell Vipe r Venom-Cephalin Modified Method for Prothrombin.—The ae 


tivities of the respective plasmas were measured in a test that has been thought to 
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be specific for prothrombin Hjort'’ has shown that the Russell viper venom- 


cephalin method was independent of proconvertin. This was confirmed in this 


study (Table VI). With addition of adsorbed beef plasmas as source of pro- 
aceelerin, the test svstem has been thought to measure only prothrombin ac- 
tivity 


ER VENOM-THROMBOPLASTIN TIM 


Normal plasma 
J. L. plasma 
Proconvertin deficient plasma 


Russell viper venon 


PROTHROMBIN ASSAY: ORIGINAL METHOD 


O5 per cent activity 
plasma per cent activity 


Proconvertin defic plasm¢ 23.3 sec, 107 per cent activity 


t systen 0.1 n t ll viper venon 0,000 in cephalin 0.15 per cent 
CaCl 0.035 M 


vbed beef plasma ‘ plasma diluted iD mi. CaCl 
However, our patient’s plasma, which has been shown above to have a nor- 
mal amount of prothrombin, had only 33 per cent activity in Hjort’s test sys- 
tem (Table V1 A normal prothrombin activity of 90 per cent was obtained 
only when the test was modified to include the ‘‘Stuart faetor.’’? This was 
accomplished by the addition of the eluate of the barium sulfate adsorbable ae 


tivities present in normal serum to the test system Table VII 


E VII. Russt i VENOM AND CEPHALIN PROTHROMBIN ASSAY: MopIrieED METHOD 


Normal plasma 27. ¢. 100 per cent activity 
J. L. plasma 90 per cent activity 
Proconvertin deficient plasma 106 per cent activity 

I | ) 


vsten 9.1 ml. Russell viper em 0,000 in cephalin 6.1 per cent 


Test 
0.1 ml. CaClh-serum eluate 


sorbed beef plasma; 0 l. tes | ? d lute 
Proconvertin Assay When proconvertin deficient plasma was used as a 
substrate to determine the proconvertin activity of a diluted test plasma or 
serum, it was demonstrated that our patient’s plasma and Stuart serum had 
proconvertin activity approximately equal to that of normal plasma (Table 
VIII). The substrate material used was lyophilized plasma from Owren’s 


patient with a deficiency of proeonvertin 


TABLE VIII. Proconvertin ASSAY 


Normal plasma 25.2 
J. L. plasma 20.2 
Stuart factor deficient serum 26.1 
0 per cent (diluting fluid alone 40.8 


Test systen 0.1 ml. thromboplastin; 0.1 ml. adsorbed beef plasma il. proconvertin 

nt plasma 0.1 on test plasma diluted 1:16 0.1 ml. CaCh 0.02 M 

Stability —Normal plasma and serum stored at room temperature for 20 
hours were both able to correct the prolonged prothrombin (Quick) time of the 


patient’s lyophilized plasma (Table IX 





GONYEA AND KRIVIT ib. § ” 

The thromboplastin generation was also restored to normal by substitution 
of stored serum for patient’s serum (Table IX). 

Total Thromboplastin Activity——When the thromboplastin generation test 
was continued for 14 minutes, essentially no thromboplastie activity was noted 

Table IX). 
TABLE LX. STaBILity STUDIES 

STORED STORED PATIENT’S CLOTTING TIMI 

PLASMA SERUM PLASMA (SEC. 
Quick Times 

0.05 147.0 


0.05 0.05 18.4 
0.05 0.05 19.6 


Th omboplast n Generation Test 
Thromboplastin fetivity 


Normal 


platelets: 100 per cent at 4 minutes—normal 


Normal 

Patient ’s plasma + stored 
serum 
Patient's Normal 


Patient’s plasm: na , 
_ I - serum platelets: <0 per eent at 14 minutes abnormal 


DISCUSSION 


The congenital hemorrhagie disorders characterized by a_ prolonged 
prothrombin time have been defined as deficiencies of labile and stable factors. 
The data presented here, and elsewhere,’ demonstrate that our patient with a 
congenital hemorrhagie disease has a coagulation deficieney which is corrected 
by normal plasma and serum but not by barium sulfate adsorbed plasma. There 
fore, by definition the deficiency of this patient is one of a stable factor. 

That our patient does not have a proconvertin deficiency, as defined by 
Owren, seems clear. This was demonstrated by the capacity of the proconvertin 
deficient plasma to correct the patient’s prolonged one-stage and two-stage 
prothrombin determinations. The patient’s plasma contained a normal amount 
of prothrombin and proconvertin as measured in specific assays. 

The observed abnormalities in the thromboplastin generation test and the 
prolonged Russell viper venom (Stypven) time, with and without addition of 
cephalin or thromboplastin, are similar, however, to those reported by Hougie, 
Barrow, and Graham’ as characteristic of Stuart factor deficiency. 

The diagnosis of Stuart factor deficiency in our patient rests on direct 
evidence in that Stuart factor deficient serum does not correct the patient’s 
Quick time, prothrombin conversion rate, thromboplastin generation test or 
Russell viper venom time. 

Telfer, Denson, and Wright’? report a stable faetor deficiency with an 
abnormal thromboplastin generation but a normal Russell viper venom time. 
Later, however, Biggs'> states that she obtained an abnormal Russell viper 
venom time in Telfer’s case. In the ease report by Biggs'* the thrombo 
plastin generation test was delayed but when lecithin was used with Russell 


viper venom, a relatively normal time was obtained. The review by Ackroyd" 


of factor VII deficiency case reports includes a wide variation of the prothrombin 
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consumption values. It would seem that the ultimate test for proper classifica- 
tion would be that suggested by Hougie and co-workers of mutual exchange and 
cross-matching of plasmas and sera and testing in several clotting systems. 

Hougie’s patient was reported to have an abnormal prothrombin utilization 
(46 per cent remaining at one hour). The prothrombin utilization in our patient 
was normal, as measured by the two-stage prothrombin determination, and this 
result is in agreement with results previously reported on this patient by Frick 
and Hagen.* When prothrombin consumption was measured by the Russell viper 
venom-cephalin prothrombin method, consumption appeared to be at the lower 
limits of the normal range. 

The abnormal thromboplastin generation and the normal prothrombin 
consumption appear incongruous sinee both tests depend upon the normal for- 
mation of plasma thromboplastin. However, the thromboplastin generation test 
is believed to be a more sensitive indicator of thromboplastin formation than 
is the prothrombin consumption test. The differences in these tests may indi- 
cate a quantitative, rather than a qualitative, difference in the activity of plasma 
thromboplastin in this patient. 

Duckert and associates*® have presented evidence for the existence of factor 
X. They have shown that factor X deficiency (1 per cent or more) limits the 
rate of thromboplastin formation but not total amount of thromboplastin. They 
also observed that factor X was destroyed by storage at room temperature for 
several hours. That our patient does not have a deficiency of factor X is sug- 
gested by the following: (1) ability of stored serum and/or plasma (20 hours at 
room temperature) to correct the abnormal prothrombin and thromboplastin 
generation tests of our patient, (2) the abnormal generation of thromboplastin 
of our patient’s plasma demonstrates that there is not a limitation in the rate of 
development of thromboplastin, but rather that there is an inability to produce 
significant thromboplastie activity. 

The Russell viper venom-cephalin method, as originally deseribed, is inde- 
pendent of the level in the test plasma of proconvertin. The behavior of the 
patient's plasma was remarkably different from that of proconvertin deficient 
plasma. When an eluate from the barium sulfate adsorbate from normal serum 
was introduced as a reagent, the activity of the patient’s plasma became normal, 


and presumably only prothrombin was measured. Therefore, the combination 


of Russell viper venom and cephalin, as well as the combination of Russell viper 


venom and thromboplastin, appears to require, for optimal activity, the presence 
of a stable, barium sulfate adsorbable factor present in normal plasma and serum 
which is different from the factor defined by Owren as proconvertin. These 
same combinations of thrombop!astie agents do not require proeonvertin for their 
optimal activity. This faetor which is deficient in our patient is not identical 
with proconvertin, and may be considered identical with Stuart factor. 


SUMMARY 


1. A patient (J. L.) with a coagulation deficiency first reported as idiopathic 
hypoprothrombinemia and later as a deficiency of stable prothrombin conversion 
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factor, was restudied. Her deficiency appeared to be the same as that defined as 
Stuart factor deficiency. 

2. The patient repeatedly demonstrated a prolonged Quick time, whieh 
was corrected by plasma from Owren’s patient with proconvertin deficieney but 
not by serum from Hougie’s patient with Stuart factor deficiency. 

3. The two-stage prothrombin determination demonstrated a normal amount 
of prothrombin but a delayed rate of prothrombin conversion. This was cor 
reeted by normal plasma, normal serum, and proconvertin deficient plasma, but 
it was not corrected by normal barium sulfate adsorbed plasma or Stuart factor 
deficient serum. 

4. The patient’s abnormal thromboplastin generation test was corrected by 
normal serum and by hemophilia B serum, but it was not eorreeted by normal 
barium sulfate adsorbed plasma or Stuart factor deficient serum. 

5. The patient’s prolonged Russell viper venom (Stypven) time was cor 
rected by normal plasma and by proconvertin deficient plasma, but not by Stuart 
factor deficient serum. 

6. In the specifie assay for proconvertin, the patient’s plasma and Stuart’s 


serum were observed to have normal aetivity. In a modified specific assay for 


prothrombin, using Russell viper venom and cephalin as thromboplastin and 


a serum eluate, the prothrombin activity was normal. 
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COMPARATIVE ERYTHROPOLETIC: INCORPORATION OF FERRIC 
AND FERROUS PREPARATIONS OF TRON?’ BY THE MONKEY, 
MACACA MULATTA 
QUENTIN L. Harrwic, Pu.D., THomas P. LErFINGWELL, M.S., 
Rosert J. YounG, D.V.M., AND GrorGe S. Metvinue, JR., Pa.D. 
Austin, TEXAS 
ADIOISOTOPES have provided an ingenious key to the problem of follow- 
R ing biochemical interrelationships in an organism. [ron-** studies have re- 
vealed considerable information on hemoglobin metabolism, red blood cell forma 
tion, and blood dyserasias. 
Radioiron is commercially available in either the ferrie or ferrous state in 
concentrations of high specific activity. The literature does not advoeate any 
one ionic form for intravenous injection. Either the ferrie or ferrous ionie form 


will be ineorporated into the red blood cell during erythrogenesis. However, 


when per cent incorporation of the ionie forms are compared, differences may 


become apparent. 

To our knowledge no information is currently available coneerning iron 
uptake in the monkey. This study was designed to compare degrees of incorpora 
tion of the two ionie forms of iron—ferrie and ferrous—into monkey erythrocytes 


and compares this parameter with similar data obtained from other mammals 


MATERIALS AND METHODS 
enty male Macaca mulatta monkeys with an age range of 4 to 6 years were selected 


for the study. Each animal was housed in a separate metal cage and maintained on a basic 


cereal ration supplemented with commercial vitamin and mineral mixtures. The animals had 
not been subjected to any other type of experimentation; however, one year prior to the in 
tiation of this experiment, they inadvertently had been fed for 11 weeks a diet which con 
tained an abnormally high concentration of vitamin D.1. By the time of injection of the 
iro ’ preparations, all 20 animals appeared normal. 
Both radioactive ferrie chloride and ferrous citrate were purchased commercially. 
’ chloride was prepared for injection by mixing 1 ml. of the original sample (specific 
2040/me./Gm, Fe) with 9 ml. physiologic saline.2 The pH of the resultant solution 
The ferrous citrate was prepared for injection by mixing 1 ml. of the or'ginal sample 
specific activity: 1925 me./Gm. Fe) with 9 ml. sterile distilled water. The pH of the 
solution was 6.5. Injection of the radioactive isotope was accomplished by drawing a 15 ml 
sample of whole blood, to which : of the iron preparation was added. The syringe was 
From the Department of Radiobiology, School of Avia ion Medicine, USAF 
This work was conducted at the Radiobiological Laboratory of The University of Tex; 
ind the United States Air Force Austin, Texas, and was supported (in part) with funds 
provided under Contract AF 41(657)-149 and the School of Aviation Medicine 
Received for publication Sept. 11, 1957 


*Ferric chloride and ferrous citrate were purchased from Abbott Laboratories, Chicag: 
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rotated gently for 30 seconds, then incubated at 37° C. A counting sample was removed from 
the syringe and the remaining blood-isotope mixture was injected into a femoral vein of the 
same animal from which the blood was drawn. Ferric chloride uptake was followed in two sub 
groups of five monkeys each. Injection of the two subgroups was carried out one month apart 
to test replication of results. Ferrous citrate uptake was followed in a single group of 10 ani 
mals one month after commencing the second ferrie chloride group. 

In subsequent discussion, the ferric-59 chloride preparation will be referred to as ferric-59, 
and that from the ferrous-5% citrate preparation will be referred to as ferrous-59. 

Beginning 24 hours after injection of the radioactive iron and on specified days there 
after, a 4.5 ml. blood sample was withdrawn from each animal. { 1.0 ml. aliquot was re 
served for accomplishing R.B.C. and W.B.C. counts and hemoglobin and hematocrit values. 
Standard laboratory procedures were employed.4 

The remaining 3.5 ml. sample was analyzed for per cent incorporation of injected iron-59 
into red blood cells in a Naney Wood scintillation counter model SC-2L). Blood samples were 
prepared for counting by spinning the red blood cells down at 2,000 rpm for 10 minutes and re 
moving the plasma. The cells were washed once with physiologic saline, spun down again, 
and then washed into a polyethylene counting tube with tap water. The total volume in 
each counting tube was then 5 ml. The per eent incorporation of iron-5* into new red blood 
cells was caleulated by the formula deseribed by Hennessy and Huff.5 In our calculations 


of blood volume for the monkey, the figure of 60.9 ml./kg. body weight was used.¢ 


a4 


FERmC-S9 CLOROE 
fee -se CHLOE 


FERROUS 89 CITRATE 


AVERAGE 








° 15 26 23 


OAYS AFTER INTRAVENOUS ADMINIS TRATION oF 


Comparative average per cent uptake + s.d. of ferric chloride and ferrous-™ citrate 
in the R.B.C. of the monkey, Macca mulatta 


RESULTS 


Fig. 1 reflects the per cent of injected radioiron which was incorporated 
into new erythrocytes in the two subgroups which received ferrie®* and in the 


ferrous’*” group. Since the two ferrie®” subgroups exhibited essentially the 


same uptake curves, the line representing the ferrie*® group was obtained by 


averaging all ferric®® animals sampled on a particular day postinjection. Aver- 


age per cent incorporation for the ferrie”* animals was consistently greater than 


for the ferrous~® group. 
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On subjecting the data to the ‘‘t’’ test, it was found that differences between 
the ferrie and ferrous groups were significant to the 0.05 level on the first day 
postinjection and significant to the 0.01 level on all subsequent days (Table | 

TABLE IT. CoMPARATIVE IRON Uptakt 


PER CENT UPTAKI 


DAYS POST FE CI 10 ANIMALS FE CITRATE (10 ANIMALS SIGNIFICANCE 


INJECTION AVERAGE AVERAGI reg7* MANN-WHITNEY 
OF FE59 PER CENT S.D. PER CEN TEST U TES! 
1 3 ; 1.6 < 0.05 <0.1 
4 og 46.8 <0.01 <0.01 
7 82.5% 5 59.0 <0.01 <0.01 
0.01 <0.01 
0.01 0.01 
< 0.01 <—0.01 
0.01 <—0.01 
0.01 <0.01 
<0.01 <0.01 
“0.01 <0.01 


7 


F ~ » 


11 87. 66.2 
14 97.9 2.6 64.8 
18 87.5 Qs 68.3 
21 93.9 2.§ 66.5 

83.6 1.5 66.7 
25 84.1 of 70.0 
28 80.1 od 64.4 


aI-3 D173 <= 


The data was also subjected to the Mann-Whitney U test.?. This would test 
the data on a rank distribution rather than an average mean uptake. For each 
of the 10 days on which samples were secured, the uptake measures of samples 
in both groups were ranked together, as for a sum of rank tests. Then, in 
order to inerease the stability of ranking by considering all 10 measures on 
each animal, a total of ranks assigned to each sample in the 10 separate rankings 
was calculated. The total ranks were then ranked to yield one combined ranking 
of independent measures, and the Mann-Whitney U test was employed to test 
daily differences and the over-all significance of the difference between the 
groups. Separation on the first day after injection was significant to the 0.1 
level, but on all subsequent days the groups were separated to the 0.01 level of 
significance (Table 1). Separation between the two groups, over all days, was 
found signifieant to beyond the 0.002 level. 

Both groups of animals had approximated an incorporation asymptote by 
day 11. The mean value and its standard deviation for the plateau (days 1] 
through 28) gave an amplitude value of 86.3 + 4.4 per cent for the ferrie 
group. Mean per cent incorporation for the ferrous“ group had the dimensions 
of 66.7 + 1.9 per cent during the same period. Differences in mean amplitudes of 
incorporation in the ferrie**’ and ferrous’ groups were found to be significant 
to the 0.01 confidence level. 

Because of the sampling frequency, it was necessary to coneurrently observe 
the peripheral blood picture in all animals to determine the effeets of sampling. 
Erythrocyte and white blood cell counts, as well as hemoglobin and hematoerit 


values were followed. Analysis of the data did not reveal any appreciable effect 


DISCUSSION 


Evaluation of the iron uptake data by both the ‘‘t’’ test and the Mann 
Whitney U test indicated a significant difference between the plateaus of ferrie~® 
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and ferrous’. This study encompassed no attempt to evaluate the effeets of the 


anionic component of the compounds injected. However, the results suggest that 


either the ionie state of the iron, its anionie component, or the method of prepar- 


ing the compound for injection may influence the amount of radioiron which is 
incorporated by the erythropoietic system of the monkey. 

The literature reveals that many dynamie values, such as erythropoietic 
activity and red cell iron turnover, are based on either rate or total incorporation 
of radioiron by the organism. It is equally apparent that several radioiron 
compounds are in general use by investigators, and that modes of preparation 
vary. It is suggested by this study that considerable care should be exercised in 
striking comparisons between the data accrued by different investigators. 

The per cent of ferric’ uptake in the male Macaca mulatta monkey com- 
pares favorably with human uptake values. Using a ferrie chloride solution, 
Badenback and Callender* reported an approximate average in human beings of 
90 per cent uptake in one week. For monkeys, the 7-day uptake value was found 
to be 82 per cent Bothwell and associates® reported an average human red cell 


incorporation oft 90 per eent of in jected ferrie >? chloride. 


SUMMARY 


1. Twenty male Macaca mulatta monkeys were divided into two equal 
groups. One group of 10 animals received 5 pe ferrous®® citrate per animal. 
The other 10 animals were subdivided into 2 groups of 5 animals each. Each 
animal received 5 ype ferrie®® chloride, but injections in the two subgroups were 
separated by a temporal lapse of one month. Animals in both primary groups 
reeeived intravenous injections of their own blood after it had been ineubated 
with the radioiron compound. 


2. The ferric chloride preparation was incorporated to a significantly greater 


degree than was the ferrous citrate preparation. The contributing factors to 
this differenee—eationic state, anionie state, pH of preparation—have not been 


tested separat ly 


3. Coneurrent analysis of the peripheral blood picture during the period 
of sampling indicated no appreciable deleterious effects attributable to injection 


or sampling. 


We wish to acknowledge the assistance of Robert Riess and James Davis in the collee 
on of the data. 
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THE UTILIZATION OF SACCHARATED Fe*? OXIDE IN RED CELL 
FORMATION 
ERNEST BeuTLER, M.D.* 
CHicaco, Ibu. 


NTRAVENOUS injection of saccharated iron oxide is a highly effective treat- 
| ment for the anemia of iron deficiency. It is generally assumed that this 
material is completely utilizable for hemoglobin formation in iron deficient 
patients.’ Several. independent observers have noted that the bone marrow of 
patients who develop relapses of iron deficiency anemia after intravenous sac- 
charated iron oxide therapy contains stainable iron granules.*** In the present 
studies, the utilization of intravenously administered Fe**-labeled saccharated 
iron oxide for red cell formation has been measured. This has been done for 
two reasons: (1) to determine whether utilization of saccharated iron oxide is 
as complete in iron deficient subjects as is generally assumed; and (2) to deter- 
mine whether this material may be used as a practical means of measuring the 
turnover and presumably the size of iron stores® since it appears as stainable 
deposits in reticulum cells very soon after injection® and might, therefore, be 
expected to behave like storage iron. Preliminary observations’ in normal and 


iron deficient rats revealed a moderate difference in the incorporation of radio- 


active saecharated iron oxide into the red eells. Clinical studies therefore 
appeared justified. 
MATERIALS AND METHODS 

Fe59-labeled saccharated iron oxide was obtained from Abbott Laboratories, and 
prepared according to the method of Nissim and Robson.8 The labeled saecharated iron 
oxide was diluted appropriately with physiologic saline and with commercially available 
saccharated iron oxidet to give an iron concentration of 2.50 mg. per ml. and radioactivity 
of 0.5 to 1.3 pe per ml. 

Ten patients were studied. The pertinent clinical data are given in Table IT. Evalua 
tion of the iron stores by sternal puncture and the plasma iron and iron binding capacity 
determinations were carried out as described previously.4 Saccharated iron oxide solution 
was given intravenously in a dose of 0.1 ml. per kilogram of body weight, or 0.25 mg. pet 
kilogram, The radioactivity ranged from 0.05 to 0,13 we per kilogram. No untoward effeet was 
noted in any patient. 

Ten milliliter blood samples were withdrawn at 


suitable intervals and were counted in 
a well type scintillation counter. The blood 


volume has been assumed to be 7 per cent of 
the body weight, and the results have been expressed as the percentage of administered 
radioactivity appearing in the peripheral blood, 
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DAYS AFTER INJECTION 


Fig. 1.—The uptake of iron from saccharated Fe oxide into re« 
Pertinent clinical data are presented ji Table | Patients with deplete 
garded as “iron deficient The il area represents the range 


given by Moore and associates*® for plasma-bound iron 


500 mi 
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CELL MASS 
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IN 


PER CENT OF ADMINISTERED Fe*® 


20 30 40 
DAYS AFTER INJECTION 


Fig. 2 The uptake of iron from 
with idiopathic hemochromatosis The radioactivity 
in the blood had no Fe® entered the red cells after the fourteenth day The shaded area, 
therefore, represents iron mobilized after that day 


saccharated Fe oxide into the red cells of a patient 
broken line indicates the expected level of 
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TABLE I, CLInicaL Data 


HEMO -L. IRON UIBC BONI 
GLOBIN y/100 y/100 MARROW 
DIAGNOSIS GM. &%& ML. ML. IRON COMMENT 


Acute leukemia 9.4 


Idiopat! i¢ hemo 0 , 6,000 ml. of blood 
chromatosis had already been 
withdrawn (none 
for 3 weeks 
After 12,000 ml. 
more were re 

n oved, the readily 
mobilized stores 
were exhausted 


Inactive rheumatic 


heart disease 


No organic dis 
ease; slight mal 
nutrition 


lron deficit ney 


anemia 


Treatment with sae 
charated Fe 
oxide 4 months 
previously 
anemia 


Unsaturated 


RESULTS 
The results of the clinical studies are presented graphically in Fig. 1. The 
utilization of the saecharated iron oxide for red cell formation was quite eom- 


parable to that of plasma-labeled iron, as has been reported by others.? Although 


it is apparent that the incorporation of iron was more rapid and more complete 


in iron-depleted subjects than in noniron-depleted subjects, the difference is 
not large. A patient (Case 9) whose marrow showed the presence of stainable 
iron following relapse of iron deficiency anemia after treatment with sae- 
charated iron oxide utilized the labeled saecharated iron oxide very well. The 
patient with hemochromatosis (Case 2) showed a reduced incorporation of 
Fe®? into the red cells. Fig. 2 shows the Fe®* levels in the blood of this patient 
following a series of phlebotomies If none of the saeceharated Fe®* oxide had 
heen mobilized, a greater decrease in radioactivity than was observed would 
have oeeurred. 


DISCUSSION 


Although the utilization and turnover of tracer amounts of plasma-bound 


radioiron have been studied extensively, relatively little attention has been paid 
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to the fate of other iron compounds introduced into the body. The fate of sueh 
compounds is of particular interest because, theoretically, it offers a means for 
the measurement of iron stores. Excellent differentiation between iron-deficient 
and normal subjeets has been reported by Finch and associates,'’ using dé 
vitalized red cells to tag the iron storage compartment. This method of measure 
ment has very limited practical application, however, because of the risk (e.g.. 
hepatitis and sensitization) of introducing foreign red cells into the eireulation 
and because of the difficulty in procuring human Fe**-labeled red cells. Studies 
by Kiinkel and associates" using ‘‘ferronasein’’ and by Garby and Sjoélin’ 
using iron-dextran, have shown some difference between utilization of these 
compounds by iron deficient and normal subjects, but the difference has been 
quite small when compared with that observed by Finch and his co-workers’ 
with devitalized red cells 

The appearance of Fe®**-labeled saccharated iron oxide in red cells has not, 
to our knowledge, been studied previously, except by nonquantitative (auto- 
radiographic) means.’* The present study indicates that although differentia- 
tion between iron deficient and noniron deficient subjects is somewhat better 
using saccharated iron oxide than plasma-bound iron, the differentiation does 
not appear sufficiently clear to be of real clinieal value. Moreover, it is possible 
that at least part of the difference observed may be more apparent than real, 
since the assumption of a normal blood volume in anemie patients may repre- 
sent an overestimate. Such an overestimate would tend to exaggerate the caleu 
lated uptake of iron into the red cells of patients with iron deficiency anemia. 

The excellent utilization of the labeled saecharated iron oxide for blood 
formation appears to eonfirm the elinieal impression that this iron is readily 
available for erythropoiesis. It is necessary, however, to reconcile the efficient 
utilization of radioiron in our subjects with the finding that stainable iron 
persists in the marrow after the relapse of iron deficient patients treated with 
succharated iron oxide.2* It is possible that the excellent utilization of sae 
charated iron oxide, as observed in this study, occurs only when small dosages 
are given. Tron that is not used immediately for erythropoiesis may spill over 
into secondary receptors that less readily give up their iron for erythropoiesis. 
While storage mechanisms in hemochromatosis admittedly may not be normal, 
this concept gains some support from our study of the rate of appearance ot 
radioiron in the blood of a subject with hemochromatosis undergoing phlebotomy. 
While in the first 7 days 30 per cent of the administered dose appeared in the 
peripheral blood, only 10 per cent more appeared in the subsequent 7 days. 


In the succeeding 44 days, even under the stress of repeated phlebotomy, only 


about 18 per cent of the administered radioiron was utilized for erythropoiesis. 


SUMMARY 


1. Saecharated Fe®® oxide has been administered intravenously to 10 
patients. 


2. Utilization of Fe** for red cell formation was rapid both in iron deficient 


and nondeficient subjects. 
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3. Uptake into the red cells of iron deficient patients was somewhat more 
rapid than uptake into the red cells of individuals with normal iron stores. This 
difference was not sufficiently great, however, to be of practical value in 


evaluating the size of iron stores. 


4. It appeared possible that when larger doses of saecharated iron oxide 
than those used in this study are given, that iron not used immediately for 
erythropoiesis spills into secondary receptors from which it is extracted with 
difficulty. This would explain the finding of stainable iron deposits in the 
hone marrow of iron deficient patients who have been treated with saecharated 
iron oxide and have subsequently relapsed, a finding which otherwise appears 
inconsistent with the excellent utilization of this compound by iron deficient 


subjects 


5. This speculation has been shown to gain some support from measurement 
of the utilization saccharated Fe®® oxide in a subject with hemochromatosis 
undergoing frequent phlebotomy. 
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EFFECT OF SERA FROM PATIENTS WITH ANOXIA ON THE 
PROLIFERATIVE ACTIVITY OF HUMAN ERYTHROPOLETIC 
TISSUE IN VITRO 
Maroru, M.D., Naomi Brezunskt, M.Sc., aNnp G. SzasBo, M.D 

JERUSALEM, ISRAEL 


HE importance of hypoxia in the homeostatic control of erythropoiesis is 

generally recognized. The manner in which the hypoxic stimulus to eryth 
ropoiesis operates is, however, not completely understood. No hypoxia of the 
bone marrow itself could be demonstrated in anemia.’:* Furthermore, it was 
shown in bone marrow cultures that low concentrations of oxygen decreased, 
rather than increased, the proliferative activity of erythroid cells.*: ‘ 

Carnot and Deflandre’s® suggestion of a circulating ‘‘hématopoietine’’ has 
aroused much interest in this humoral factor mediating the anoxic stimulus 
Most subsequent workers have used Carnot and Deflandre’s original experiment 
as a model. They injeeted plasma or plasma fractions from animals made anoxic 
by various means into normal animals and studied its effect on erythropoiesis 
in the recipient animals. Methods employed by various workers in this field 
have been open to eriticism. In addition, there has been no agreement on the 
criteria to be applied in evaluating the evidence for an effeet of hematopoietin« 
on the peripheral blood Results, therefore, have been conflicting. Although 
recent work®* has added considerably to the weight of evidence for a humoral 
anoxie factor stimulating erythropoiesis, it has not vet been universally ac 
or pted. 

In the present investigation the tissue culture technique was applied to 
study the activity of the humoral anoxie factor. It was felt that an in vitro 
system, in which the immediate effect of various factors on the erythropoietic 
tissue itself could be observed, offered a more direct approach to the problem 

The system employed consisted of normal human bone marrow cell sus 
pensions, incubated in homologous plasma clots, in the presence of normal serum 
and of sera from patients with various forms of anoxia. Changes in the number 


of erythroid cells capable of mitosis (i.e., early and intermediate normoblasts 


in cultures with various sera were followed quantitativels 
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ANOXIC SERA ON ERY THROPOLETIC TISSUE 


MATERIALS AND METHODS 


Normal bone marrow was obtained by spinous process aspiration 
obvious hematologic disorders and collected into siliconed test tubes. 
re previously rinsed with heparin. 

preferably obtained from group O individuals, or else only sera 


bone marrow mn respect to the major blood groups were used in the 


eontaiming 10 
on® was Settz filtered, ac d t 7.4 and kept in the frozen state 


fi« 


Hasks. 


orm: ‘ fh, hly obtained, of blood group compatible with the 


d were driwn into 0.5 ml. of heparin solution diluted 


a final concentration of heparin of 33y/ml. 


Bovine thrombin lissolved in 5 ml. Gey’s solution to give a 
was obtained from group AB blood bank donors The 
tie conditions, divided into small portions and kept in the 


serum We: sed throughout the phase of the work covered 


aseptically KEP the frozen state for varying 
several weeks 
ptomycin were add t culture medium to a final concentration 
respectively. 
° : ‘ ] 
= per cent solution, 
according to 1 hod in tissue eulture work. Pyrex 


with which the bone marrow cells came 


was washed twice in Gey’s solution. To the packed washed 


olume of thrombin solution was added and the eells re 


ie-tenth milliliter aliquots of plasma were measured into the bottom of culture tubes, 


blow-out pipettes and spread over the side of the tube. In the same manner 
bone marrow cells suspended in thrombin solution were then in 
ws and spread over the plasma layer. The tubes were held in 

zontal position until a firm clot had formed. 
tube « taining the bone marrow suspension was repeatedly agitated while material 
drawn om for introduction into culture tubes. Before and after withdrawal 
aken from the bone marrow suspension and introduced each 

solution for an initial total nucleated cell count. 

tubes were pu aside and tl ) which had formed n them used for 
smears. To et maining tubes, 1 ml. of fluid medium 
id medium consisted g 75 per cent serum to be tested in 
tubes were divided into sets of 3. Fluid medium containing 

h set of 3 tubes, 
culture tubes were then rubber stoppered and incubated in a roller apparatus at 

17 hours, 

end of incubation 1 ml. trypsin solution was added to each of 2 tubes of each 
containing the same serum. \ total nucleated cell count in duplicate was done on 
the trypsinized material in these tubes. With the addition of trypsin the total volume of 


fluid in each tube was brought up to 2.2 ml., making the final dilution of the bone marrow 


*The Upjohn Company, Kalamazoo, Mict 
+Difco Laboratories, Detroit, Mich 
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cell suspension 1:22. Counts were done with a white cell counting pipette by drawing 


glacial acetic acid up to the 0.5 mark and filling the p’pette up to the 11 mark with cell 
suspension, From the intact pellicle of clotted plasma in the third tube of each set, imprint 
smears Were prepared for postincubation differential counts. Differential counts done o1 
these smears were comparable to those done on the initial smears, prepared in similar fashion 


The smears were stained with May-Griinwald-Giemsa. 
From the mean of total counts in duplicate tubes and the differential counts absolute 
numbers of early and intermediate normoblasts were calculated. Individual total 


within + 5 per cent of the mean. Differential counts were done on 
I 


RESULTS 


Cellular elements found in 17-hour cultures were morphologically norma 
and represented all stages of development of the red, white, and megakaryocytic 
serics. The quantitative estimation of proliferative activity in the red_ series, 
in the presence of normal and ‘*anoxie’’ sera, is summarized in Table f. 

The number of erythroid cells capable of mitosis (early and intermediai: 
normoblasts) found after ineubation of a given bone marrow cell suspensio1 
with various sera was considered to reflect the proliferative activity of that 
cell population as modified by the respective sera. As conditions in culture tubes 
varied only in respect to the serum added, loss of early and intermediate not 
moblasts due to maturation and cell death was assumed to be of the same ordet 
of magnitude in all cultures. Differences in numbers of these cells present 
after incubation could therefore be accounted for by differences in the number 
of cells added during ineubation. No separate figures are given for early 
normoblasts. Although these cells followed the e@ceneral trend, they did no*, 
beeause of their small numbers, form a basis for ealeulation. They were, there 
fore, counted together with intermediate normoblasts. The relatively small 
proportion of early and intermediate normoblasts in the general population 
of nucleated cells is explained by dilution with peripheral blood, which was 
unavoidable during aspiration of the large amounts of bone marrow material 


required for this werk. Data in Table 1 are arranged in blocks representing 


individual experiments and comprising groups of pathologie sera preceded by 


+} 


ie normal serum with which they were tested 


Within each experiment the 


number of cells present before incubation is used as a standard of reference 
for percentage changes during incubation. For comparison of results between 
experiments, values found after incubation with pathologie sera are expressed as 
pereentages of that value found with normal serum in the respective experiment. 

The number of early and intermediate normoblasts found after 17 hours’ 
incubation in the presence of normal serum is about equal to the number before 
incubation. This is taken as evidence of cell proliferation which has oceurred 
in cultures with normal serum. Had this not been the ease, maturation to 
later forms and cell death would have been expecet dd to cause a sharp drop 
in the number of earlier forms. Knough cell proliferation to balanee this 
cell loss must, therefore, have taken place in the presence of normal serum under 
the conditions of our experiments. 
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Sixteen anoxie sera were examined. They ineluded 4 sera from patients 
with polveythemia secondary to eyanotie congenital heart disease and 12 sera 
from patients with anemia of varying etiology. 

Four sera were examined each on 2 occasions. Data obtained with these 
sera in different experiments are brought together in Table II for comparison. 
Correlation of results, expressed as percentages of the normal control used in 
each experiment, is very good in 3 repeat experiments and fair in one. As 
the same normal serum was used in all experiments, the reproducibility of re- 
sults may further be judged by comparing the results obtained with normal 
serum in different experiments. These ranged between 87 and 117 per cent 
of preincubation values. 

Results were arbitrarily divided into 3 groups 


1. An inerease in erythroid cells below 130 per cent of the control serum 
in the respective experiment was considered not significant. 

2. An inerease of 130 to 180 per cent was considered significant. 
3. An inerease of over 180 per cent was considered highly significant. 


Highly significant increases over the normal controls were obtained with 
6 sera. Significant results were obtained with 7 sera (out of 2 sera in this 
group examined twice, results below the limit of significance were obtained 
with one serum on repeat examinations). No significant increase in erythroid 
cells over the control serum was observed with 3 sera. 

Considered as a whole, therefore, our data provide strong statistical evi- 
dence for a humoral anoxie factor stimulating erythropoiesis. In the following, 
analysis of results in individual cases will be attempted. 

Of the 4 sera from patients with evanotic congenital heart disease with 
polveythemia, 2 sera stimulated erythopoiesis in vitro to a degree roughly 


proportionate to the degree of polyeythemia which had existed in vivo. 


Case 1. I. B. was a 13-vear-old boy with a hematoerit of 90 per cent and 
: ; | 


extremely severe cyanosis, probably due to transposition of the great vessels. 


His serum gave an inerease in erythropoiesis of 267 and 224 per cent, respectively, 


on Z occasions. 


Case 11. Z. N. was a 6-month-old girl, a probable case of tetralogy of Fallot, 
with an as yet mild eyanosis and polycythemia (R.B.C. 6 million, hemoglobin 
16 Gm. per cent). Her serum, examined twice, showed a mild degree of stimu- 
lation of erythropoiesis (144 and 130 per cent, respectively). 


Case 14. D. H. was a 2-year-old boy diagnosed as having tetralogy of Fallot. 
Ife probably had associated iron deficiency, as evidenced by the hypochromie 
blood picture (R.B.C. 7.3 million, hemoglobin 14.1 Gm. per cent). Blood forma- 
tion was limited by lack of iron so that the powerful stimulation of erythro- 
poiesis (233 per cent) by the boy’s serum was probably a better index of the 
anoxia which existed in vivo than was the patient’s hemoglobin level. 

A stimulation below that expected from the degree of polyeythemia was 
found with the serum of J. R. (Case 6) 
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TABLE II. VARIABILITY OF RESULTS OBTAINED WitH ANOXIC SERA EXAMINED ON 2 OCCASIONS, 
EXPRESSED AS PERCENTAGES OF THE NORMAL SERUM IN EACH EXPERIMENT 


PER CENT OF NORMAI 


The group of anemias comprised 12 sera. Of 7 sera obtained from patients 
whose hemoglobin level was below 5 Gm. per cent, 4 gave highly significant and 
3 gave significant increases in erythropoiesis over the normal. In this group 
the R. brothers (Cases 7 and 8) are of interest. Both were proved cases of 
hereditary spherocytosis. They were seen during an aplastic crisis which they de 
veloped simultaneously following an acute infection, probably of viral origin 
S. H. R.’s hemoglobin was down to 2.8 Gm. per cent when the serum was ob 
tained, while D. R.’s hemoglobin level was 4.0 Gm. per cent. No reticulocytes 
were found and serum bilirubin was low. In vitro, powerful stimulation of 
erythropoiesis was obtained with these patients’ sera. 

No significant stimulation was observed with 3 sera from patients whose 
hemoglobin level was above 5 Gm. per cent. Ineluded in this group are sera from 

eases of acute leukemia with relatively mild anemia (Cases 3 and 4), one 
of which showed some degree of stimulation on repeat examination. A case 
of thalassemia major after splenectomy (Case 5), in spite of a low hemoglobin 
level of 5.5 Gm per cent, gave results slightly below the normal control on re 
peat examination, 


DISCUSSION 


An in vitro approach to the problem of the humoral anoxie stimulus to 


erythropoiesis offers the following obvious advantages: 


1. With suitable technique of bone marrow eulture, changes in the eryth 


ropoletie tissue itself ean be followed quantitatively. 


2. Amounts of serum or plasma required are far smaller than those needed 


for injection into animals. 


9 


3. Human material ean be studied in a homologous system 


The methods proposed for the cultivation of bone marrow can be classified 
as falling into one of 2 groups. The first group comprises methods based on 
the elassical technique of tissue culture in a plasma clot. While active cell 
proliferation does take place in plasma elot cultures, the method does not lend 
itself to quantitative work. The second group consists of various modifications 
of the technique of bone marrow eulture in a fluid medium first proposed by 
Osgood.'® The fluid medium technique has been extensively used by hematologists 
because of the ease with which cell counts ean be done. However, there is 
practically no proliferative activity in fluid medium cultures. Using a fluid 
medium teehnique'' we found eell proliferation to be equally low in eultures 
with anoxie and normal sera (unpublished data 
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For the present study, therefore, a method has been evolved which combines 
features of both techniques. Culture in a plasma clot provided conditions 
favorable to cell proliferation, while accurate measurement of all components 
of the system and ultimate lysis of the clot with trypsin enabled quantitative 
estimation of the results. Two important departures from the ‘‘classical’’ teeh- 
nique were the omission of chicken plasma and the substitution of thrombin 
for the traditional embryonal extract. With this substitution the formation of 
firm clots could be better controlled and any excessive stimulation of prolifera 
tion by embryonal extract could be avoided. 

Although results obtained with normal serum and several pathologie sera 
agreed fairly well in repeat experiments, no claim of aecuraey is made for the 
method, relying as it does on figures derived indirectly by caleulation from 
total and differential counts. Further refinement of the method is necessary 
before it can be used as a quantitative assay of anoxie factor activity. Yet 
the method was sensitive enough to demonstrate conclusively a significant in- 
crease in erythropoiesis in the type of case chosen for this study and represent- 
ing ertreme examples of anoxia. 

The in vitro response depended on the degree of anoxia present in vivo, 
irrespective of its type, whether anoxic or anemic, or of the mechanism leading 
to anemia. Furthermore, anoxic factor activity, as demonstrated in vitro, did not 
necessarily parallel the response to the anoxie stimulus observed in vivo. In pa 
tients with congenital heart disease, possessing an intact erythropoietic apparatus, 
this stimulas expressed itself in producing higher hemoglobin levels. On the 
other hand, anemias, of whatever etiology, were characterized by a gap between 
the actual low level of hemoglobin and the correction of the anemia, which is the 
ultimate goal of the anoxie stimulus. The two brothers with hereditary sphero- 
cytosis during an aplastie erisis are good examples of a situation in which 
anoxie factor is present in the serum in amounts sufficient to stimulate inten- 
sive erythropoiesis in vitro, and yet in vivo this activity cannot be translated 
into higher cell counts, because it finds the bone marrow temporarily put out of 


action. A similarly low hemoglobin level in spite of a high erythropoiesis 


stimulating activity of the serum was found in the ease of severe hypochromic 


anemia (Case 10). Here it is assumed that lack of iron was the cause of the 
inability of the bone marrow to respond. In the 3 examples of acquired hemolytic 
anemia in our series (favism, Cases 9 and 12, and aequired hemolytic anemia 
accompanying periarteritis nodosa, Case 15), the high reticuloeyte count was 
good evidence of an in vivo response to the anoxie stimulus demonstrated in 
vitro. 

A stimulation of erythropoiesis was obtained by sera from cases of 
thalassemia with low hemoglobin levels with the notable exception of the 
splenectomized patient (Case 5), whose serum. on 2 occasions, gave results 
slightly below the normal control. Further experience with splenectomized 
patients is needed before any speculation on the role of the spleen in the pro- 
duction of anoxie factor can be attempted. 
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No significant stimulation of erythropoiesis was obtained with sera of 2 


patients with acute leukemia (Cases 3 and 4). Although the method may 
not be sensitive enough for the milder degree of anemia found in these 2 eases, 
the possibility of some interference with anoxie factor activity in acute leu- 


kemia leading to anemia deserves further study. 


SUMMARY 


A method for the eulture of bone marrow cell suspensions is described. 
It provides conditions favorable for cell proliferation and allows changes in 
the cell population to be followed quantitatively. 

Normal human bone marrow was grown, according to the method deseribed, 
in the presence of sera from patients with anoxia. These comprised cases of 
severe anemia and of polyeythemia secondary to eyanotie congenital heart 
disease. 

A significant increase in the proliferative activity of erythroid cells grown 


with ‘‘anoxie’’ sera, as compared with normal serum, was observed. This in 


crease depended on the degree of anoxia present in vivo, irrespective of 


the type, whether anemic or anoxie. 
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A STUDY ON ORANGE-PIGMENTED NON-PHOTOCHROMOGENIC 
MYCOBACTERIA 
ANGELA SERAFINI, M.S.* 
ANN ARBOR, MICH. 


T IS the purpose of this paper to record a study of cultural and pathogenic 

properties of 7 strains of orange-pigmented mycobacteria, isolated from 
man, the pigment of which is formed independent of light. There appears to 
be a good number of such isolates made from clinical material by diagnostic 
laboratories. Whether this is due to improved bacteriologie techniques, the 
result of a selective process created by the extensive use of chemotherapeutic 
agents, or whether these organisms are mutants induced by drugs is not 
known. It is a common practice among clinicians and bacteriologists to re- 
gard all pigmented mycobacteria as saprophytes. This is unfortunate espe- 
cially in the light of recent findings.’“* An accurate classification of atypical 
mycobacteria can be made only if thorough bacteriologic and histopathologic 
examinations are performed. 

Several investigators''* have reported chromogenie mycobacteria in hu- 
man tissue, sputum, nasopharynx, cerebrospinal fluid, gastric fluid, skin lesions, 
urine, and blood. Some attempts to characterize these organisms have been 
made by investigating their cultural, immunologic, and histopathologic prop- 
14-2 


erties.’ However, they were unclassified until a survey on atypical myco- 


bacteria was conducted by Runyon under the auspices of the Veterans Admin- 


istration—National Tuberculosis Association” in 1955. From this study it was 


concluded that chromogens with light-sensitive pigment comprise a homog 
enous group because their cultural characteristics, sensitivity to antimicrobial 
agents, and pathogenicity for mice and/or hamsters are reasonably consistent. 
Hauduroy*? proposed the name Mycobacterium kansasii for these organisms. 
The chromogenic mycobacteria, called secotochromogens, whose pigment is formed 
independently of light consists of a heterogenous group of organisms that is still 
unclassified. The strains being reported here belong to this latter group. 


MATERIALS AND METHODS 


Organisms.— Seven orange pigmented mycobacteria were studied. They were iso 
lated from patients on the tuberculosis observation service of Wayne County General Hos 
pital, Eloise, Mich. The cases were not selected; the organisms were recovered during rou 
tine examinations made over a 3-month period. The following are brief histories of the 


patients from whom these organisms were isolated. 


This study was made in the Department of Bacteriology of the University of Michigan 
Medical School, Ann Arbor, Mich., and submitted as partial fulfillment of the requirements 
for the Master of Science degree in bacteriology. 


Received for publication July 22, 1957. 
*Present address Research Department, Parke, Davis & Company, Detroit, Mich. 
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Treatment by isoniazid and streptomycin was started in June, 1955, and 


t 


t 
t 


SERAFINI & | 
Ml 
hest x-ray in August, 1953, was strongly suggestive of tuberculosis 


ion of Old Tubereulin (O.T.) was positive. Two specimens of gas 


sputum cultured between August and September, 1953, were negative; 
avs between December, 1953, and July, 1955, failed to show evidence of active tubercu 
The mycobacteria used in this study were isolated from sputum in Mareh, 1955; 


this time was negative. From May to July, 1955, 7 gastrie cultures and 9 sputun 


were wative. X-ray films in Oetober, 1955, indicated probable reactivation in 
upper lung. A sputum culture in November revealed chromogenic mvcobacteria and 
inother in January, 1956, exhibited tubercle baeilli. Thoracoplasty involving the fifth 


b was performed in May, 1956. X-ray films after surgery failed to indicate reactivation. 


continued until 


he patient died in October, 1954. 


Patient H. P. The diagnosis made by x-ray was bilateral, moderately advanced 


ibereulosis of lungs active from October, 1949, to January. 1955. Tubercle bacilli were 


grown on @ sputum cultured in November, 1953. X-ray films in June, 1955 showed evidence 


f inactive tuberculosis. Treatment by p-aminosalicylate and streptomycin was started March, 


954, and discontinued January, 1956. Sputum cultured in July, 1955 (strain used in this 

tudy), and May, 1956, revealed chromogenie mycobacteria. Three cultures between April 

ind August, 1956, were negative, and x-ray films in August and September showed no evi 
lence active disease. 

Tuberculosis of lungs was diagnosed by x-ray in May, 1955. One of 

done at that time revealed chromogenic mycobacteria (strain used in 

the others were negative. The patient was sent to a sanatorium where 3 addi 


sputum cultures and a skin test to 0.005 mg. P.P.D. were negative. 


nt H. R \ diagnosis of inactive pulmonary tuberculosis was made by x-ray 
taken between June and November, 1955. The chromogenic mycobacteria used in this 
idy were isolated from gastric culture in June, 1955. Four sputa and 7 gastric fluids 
tured between July, 1955, and September, 1956, were negative. Treatment with strepto 
n and isoniazid was started November, 1953, and diseontinued June, 1956. The pa 
as scharged September, 1956. 


Patient J. 8S. The patient was admitted to the tuberculosis observation unit because 


June, 1955, revealed chromogenic mycobacteria (strain used in this 

s showed a dense area under the anterior fourth rib. One gastric 

October, 1955, exhibited chromogenic mvcobacteria, and 2 others were 

No evidence of tuberculosis was seen on x-rays taken between June, 1955, and 
rhe patient was discharged in March, 1956. No antimicrobial therapy was 

ine, 1956, x-ray films showed a lesion in the upper left lung with interlobar 

on the right de. Two gastric fluids cultured in July were negative, but 1 re 
ibercle bacilli; 2 sputa cultured in August and September were negative. In July, 
test to 0.00002 mg. P.P.D. was positive. ¢ hest x-ray in October, 1956, showed no 


Streptomycin and isoniazid therapy was started July, 1956. 


Patient H. ¢ Chest x-ray on June, 1955, was normal. The patient had a positive 
1:10,000 O.T, Chromogenie mycobacteria were found on sputum culture of 
rhe patient was discharged the following month. 


Ss Chest x-ray in November, 1953, showed bronchopneumonia undergoing 


th right hilar region showing hazing. Six sputum cultures between June, 1954, 
October, 1956, were negative. Chromogenie mycobacteria were isolated from a gastric 
ire in June, 1955 (strain used in this study), and again in October. Seven x rays taken 


ween December, 1953, and August, 1956, were negative. No antimicrobial 


therapy 
administered 


rhe control group consisted of 2 photochromogens, P! and P8*; 1 Mycobacterium tuber 


is (bovine), American Type Collection, No. 9834: 2 Myco. tuberculosis (human), a wild 


*Obtained from Dr. Ernest H. Runyon, Veterans Administration Hospital, 


Sunmount, 
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RB199; 1 BCG; and 2 saprophytes, My 


strain (Wayne County General Hospital) and 
cobacterium phlei and Mycobacterium smegmatis. The latter organisms were obtained from 


the Department of Bacteriology, University of Michigan Medic 
Dubos’ albumin-liquid medium” 
Ten to 14 day cultures were checked for purity 


al School. 


The organisms were first grown on containing 0.01 
per cent Tween SO and 5 per cent glycerol. 
and then used for the various tests. Inocula were standardized by the wet-weight method 
used by the Tuberculosis Laboratory, Communicable Disease Center, United States Public 
Health Service,2% except when indicated otherwise. 

Culture Media.—Thioglycollate broth (0.75 per cent agar and no dye), Sabouraud’s 
dextrose agar (pH 7.0), Léffler’s serum medium,* and trypticase soy brotht were inoculated 
with 0.1 ml. of 10 to 14 day cultures grown in Dubos’ albumin-liquid medium containing 
0.01 per cent Tween 80 and 5 per cent glycerol. All cultures were incubated at 37° ¢ 
of Sasano and Medlar’s egg medium24 were seeded similarly, one set was incubated 
}.¢ All cultures were observed over a period of 6 weeks. 


0.01 per cent Tween 80 


Two sets 
at 2: CC. and the other at 37 ( 
] ] € 

albumin-liquid medium containing 


i microscopic examinations of 


‘ord formation on Dubos’ 
and 5 per cent glycerol was observed by gross ar 1, 2, and 

3 weeks’ growth. 
tcid-Alcohol Resistance. Smears of " 
albumin-liquid medium were stained by the Ziehl-Neelsen technique. 
2, 4, and 6 hours. 


] 2-, and 3-week cultures grown in Dubos’ 


Samples were decol 


orized (3 per cent HC! in 95 per cent aleohol) for periods of 0.5, 
In Vitro Virulence Tests.—The neutral red cytochemical reaction described by Dubos 
redox dyes deseribed by 


and Middlebrook25 and 
Wilson and associates?6 were done 
recovered after animal passage. 


the oxidation-reduction test employing 
on 2- and 3-week growths of the original isolates and 
on some organisms The dyes in the latter test were: 3’ 


sodium salt; 2, 6-dibromoindophenol, sodium salt; and indophenol, sodium 


chloroindophenol, 
salt. 

Streptomeyin sulfate, sodium p-aminosalicylate, 
100, 10, 1, and 0.1 yg/m 
The combinations 


Sensitivity to Antimicrobial Agents. 
and viomycin sulfate were used in final concentrations of 
Isoniazid was used in final 50, 5, 0.5, and 0.05 ug/ml. 
tested were p-aminosalicylate and streptomycin; p-aminosalicylate and isoniazid; p-amino 
and isoniazid. Each combination 


concentrations ot 


salicylate, streptomycin, contained final concentrations 
used in a final concentration of 


f 100, 10, 1, and 0.1 ug/ml. of each drug. Organisms were 


’ albumin-liquid medium containing 0.01 
Tubes were observed weekly, and final readings 
visually with con 


per cent Tween 80 and 5 per 


g./ml.; Dubos 
cent glycerol served as the test medium. 
were made after 4 weeks’ incubation at 37° C. They were compared 
trols made to contain 0.1 mg./ml. and 1 mg./ml. of organisms. Growth was verified by 
microscopic examinations, 

Bacteriologic and Histopathologic 


guinea pigs were injected intraperitoneally with either 0.1, 


Examinations.—Groups * 3 tuberculin-negative 


1, 10, or 20 mg. of organisms 


” 
0 


The latter was injected in 
] 


12 animals for each strain except R. P. 


making a total of 
The eontrols consisted of groups of 


1 inoe 


3 animals ea 


mg. doses in each of 3 animals. 


ulated with either 0.1, 1, or 10 mg. of culture RB199 and of the wild strain of Myco. tuber- 
total of 9 animals for each strain. Animals from each group were sacri 
ficed at intervals of 1, 2, Infected tissues were homogenized and cultured on 
2 to 4 slants of egg medium which were incubated at 37° C. and observed over a period of 


cwosis making a 


and 3 months. 


3 months. 
The tissues of 2 animals, both inoculated with either 1, 10, or 20 mg. of organisms, one 
infected for 1 month and the other were examined histologically by the 


Pathology, University of 


were submitted for examination. 
with the wild strain of Myco. tuberculosis were sectioned. 


for 3 months, 
Department of Michigan Medical School. None of the animals in 
jected with 0.1 mg. All animals inoculated with strain R. P. 
and the control animals infected 


The photochromogens were not tested in animals. 


Detroit, Mich 
faltimore Biological Laboratories, Baltimore, Md 
il mammalian tubercle bacilli form smooth, 


*Difco Laboratories, 
Typi domelike, buff-colored colonies, 
mm, in diameter on this medium 
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RESULTS 

Vorphology, Staining, and Cultural Characteristics —The size and shape 
of the chromogenic mycobacteria were within the limits of tubercle bacilli 
except photochromogen P* which is a longer and wider rod. Pleomorphism 
was evident when chromogens were grown on suboptimal media. 
except Myco. phlei and Myco. smegmatis. The latter failed to resist decoloriza- 
tion beyond 0.5 hour exposure to acid-aleohol. 


Acid-aleohol decolorization was resisted for 6 hours by all the organisms 


Growth rate of chromogens at 37° C. and on optimal media was comparable 
to that of Myco. tuberculosis; eugonie and dysgonie types of growth were seen. 
Chromogens usually required from 1 to 3 days longer to initiate growth at 25 
(. than at 37° C. The various control strains of Myco. tuberculosis failed to 
grow at 25° C. but the 2 saprophytes grew quickly and luxuriantly. The secoto 
chromogens formed a deep-vellow to orange pigment on egg medium which 
intensified at room temperature and when exposed to light, whereas the photo 
chromogens produced buff-colored colonies which turned yellow when ex- 
posed to light for 1 or more hours during active growth. Strain P' formed 
smooth, domelike colonies, whereas r* produced heaped, rough-edged colonies. 
The scotochromogens exhibited smooth, slightly raised or domelike colonies 
except strain H. R., which formed heaped, rough ones. The majority of 
chromogens emulsified readily in water. The ability to form pigment was 
retained by the secotochromogens when grown on suboptimal solid media ; how 
ever, this characteristic was less distinct in liquid suboptimal media. 

The growth characteristics of the pigmented mycobacteria and the con 
trol organisms are given in Table I. All the scotochromogens grew on 2 or more 
of the 4 suboptimal media used. However, no one medium could be considered 
selective for them. Their growth on suboptimal media was initiated later than 
when identical inocula were made on egg medium or Dubos’ albumin-liquid 
broth, and growth usually increased slightly by the end of the sixth week of 
cultivation. The 2 saprophytes grew luxuriantly on all media, and they pro 
duced pellicles in broth. The 2 photochromogens differed from the scoto 
chromogens in that they failed to grow in thioglycollate broth. In no in 
stance was branching noted by any of the organisms grown on Sabouraud’s 
dextrose agar. The human strains of Myco. tuberculosis did not grow on any of 
the suboptimal media, whereas the bovine strain grew on all but Léffler’s serum 
medium, and BCG grew on all the media to the same extent as did the seoto 
chromogens. 

The formation of cords on suitable media is generally attributed to virulent 
mycobacteria by Middlebrook and associates?’ and Dubos.** Only strains 
H. C. and J. S. formed this pattern after 3 weeks’ growth in Dubos’ albumin 
liquid broth. The other chromogens and the saprophytes exhibited diffuse, 
granular, or floccular growth patterns, whereas the control strains of Myco. 
tuberculosis produced cords with varying tenacity. 


In Vitro Virulence Tests.—Strains H. P., H. R., and J. S. gave positive neu- 


tral red tests with original isolates and again when these strains were recovered 
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from infected animals. The various strains of Myco. tuberculosis and the photo- 
chromogens also gave positive results indicating virulence, whereas the sapro- 


phytes and the other chromogens produced negative reactions. 


TABLE I. GROWTH ON SuBOPTIMAL MEDIA 
LOFFLER’S r'RYPTICASE SOY SABOURAUD’S THIOGLYCOLLATE 
ORGANISM SERUM MEDIUM BROTH DEXTROSE AGAR BROTH 
42 


$2 


Vue 0. tuber ulosis 
var. bovis 


BCG 
VM yco. tuberculosis 

wild strain 
Vyco. tuberculosis 

RB199 
Vyco. phlei 

Vyco. smeqmatis 4 4 

Cultures were incubated at 37 S ind examined at 1- to 3-day intervals until the 


experiment was terminated on the forty-second day 


Extent of growth is indicated by plus sign (+ to ++++); no growth is indicated by minus 
Sign f ’ 


Numbers represent the first day growtl \ evident and verified by microscopic 
examinations 


The ability to reduce certain redox dyes is a characteristic of saprophytes 
and avirulent mycobacteria. In this study, strain H. R. failed to deecolorize 
the dyes and strain R. P. partially decolorized them. The other chromogens 
and saprophytes reduced the dyes, whereas the virulent and attenuated myco- 
bacteria failed to do so. 

In Vitro Sensitivity Tests—The results of the sensitivity tests are given in 
Tables Il and III. Chromogens consistently resisted p-aminosalieylate. This 
correlates with findings reported by Runyon?! and Wood and associates* but 
not as close to the results reported by Tarshis and Frisch.’5 The use of 
different media in these tests may explain this discrepancy. Resistance to 
streptomycin, isoniazid, and viomycin was less consistent and was exhibited 


in decreasing degree in the order mentioned. Multiple drugs caused the great- 


est degree of inhibition especially when the combination of p-aminosalicylate, 
streptomyein, and isoniazid was used. All strains, except H. P. and H. R., 
were recovered before therapy. 
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VirTko RESPONSE TO ANTIMICROBIAL AGENTS 


Pp AMIN® 
STREPTOMYCIN SALICYLATI VIOMYCIN ISONIAZID CONTROLS 
CONC, DRUG CONC. DRUG CONC, DRUG CONC, DRUG CONC, ORG, 
ua/MIi.. “wG/ MI. “G/ML. “wa/ML. 


100! 10) 1L.0)0.1) 100) 10) 1.0)0.1 ) 100510) 1.050.171 | 5005. 0.5 O05 


VM yco. tube: 
culosis* 


wild strain 
Vuco ph lei 
Growth is indicated by plus sign (+) and is recorded after 4 week incubation at 


growth is indicated by minus sign (—) 
twice with the same results 


IN ViTRO RESPONSE TO COMBINED ANTIMICROBIAL AGENTS 


p-AMINOSALICYLATE Pp AMINOSALICYLATE, 
STREPTOMYCIN AND AND STREPTOMYCIN AND CONTROLS 
p-AMINOSALICYLATI ISONIAZID ISONIAZID CONC. ORG. 
CONC, DRUG uG /ML. CONC. DRUG uwG /ML. CONC, DRUG “uG /ML. MG./ML. 
100 10 1.0 0.1 100 10 1.0 0.1 100 10 1.0 0.1 0.1 1.0 


phle 
Growth is indicated by plus sign (+) and is recorded after 4 weeks’ incubation at 
no growth is indicated by minus sign (-) 


Tests in Guinea Pigs, Bacteriologic Examinations.—Smears of infeeted 


tissues were made at autopsy. They nearly always revealed acid-fast bacilli 


showing typical morphology when they were found in infected animals saeri 


ficed 1 or 2 months after inoculation. However, organisms were short and 
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pleomorphic in the lesions of animals killed the third month. Identical mor- 
phology was noted in sectioned tissues. The cultures of such lesions nearly 
always were negative. Scotochromogens were more frequently reisolated from 
lesions of animals sacrificed the first or second month of infection. In these 
instances, the number of organisms recovered per gram of tissue was less than 


when identical organs were infected with Myco. tuberculosis. 


TABLE IV. RESULTS OBTAINED BY INTRAPERITONEAL INOCULATION OF ORGANISMS INTO GUINEA PIGS 


ANIMALS INOCULATED WITH SCOTOCHROMOGENS \NIMALS INOCULATED WITH Myco. tuberculosis 


NUM NUM 
DOSE BER | DEATHS/SURVIVALS | INFECTED/NONINFECTED | BER | DEATHS/SURVIVALS | INFECTED/NONIN FECTED 
O.lmg. 18 0/18 (0)* 6/18 (33.3) + 6 1/6 100.0 6/6 (100) 
1.0 mg. 18 0/18 (0) 14/18 (77. 6 5/6t 83.3 6/6 (100 
10.0mg. 18 0/18 (0) 15/18 (83.: 6 5/6t 83.: 6/6 (100 
20.0mg. 21 2/21 (9.5) 20/21 (95. 0 
*Per cent deaths. 
*+Per cent infected. 


tOne animal injected wi 0 mg. and one injecte 10 m vere killed after 3% 
ionths of infection. 


Gross Pathology.—The number and per cent of deaths and infections ob- 
tained by challenging guinea pigs to various concentrations of organisms is 
given in Table IV. The scotochromogens produced a suppurative type re- 
sponse in test animals that was more intensive and involved more organs as 
the concentration of organisms was increased. In general, the lesions con- 
sisted of enlarged mesenteric lymph nodes, omental, peritoneal wall, liver, and 
splenic abscesses. The spleen became infected only when 10 or 20 mg. inocula 
were used, and even then it became involved less frequently than the other 
organs mentioned. Both serosal and parenchymal abscesses were present in 
infected livers and spleens. For the most part, abscesses contained yellow- 
colored pus, but occasionally a cheesy substance was found. Smears of this 
material very frequently revealed acid-fast organisms. In a few instances, 
when animals were challenged with 20 mg. inocula and sacrificed the third 
month of infection, necrotic areas and/or nodules were seen on the liver and/or 
omentum. Abdominal adhesions were seen in animals infected with 1 mg. or 
more of organisms, and they were most prevalent in those animals killed after 
1 or 2 months of infection. 

One animal injected with 20 mg. of strain H. R. died 214 weeks after in- 
oculation. Nodules were found on the spleen, liver, and omentum. Abscess 
formation was not present. The thoracic cavity contained about 15 ml. of 
fluid and exhibited acid-fast bacilli by direct examination. The mesenteric 
lymph nodes were markedly enlarged. Organisms were reisolated from the 
omental lesions. The other 2 animals similarly inoculated were killed, one after 
2 and the other after 3 months of infection. Abscesses were present in the 
peritoneal wall, omentum, and liver; the direct smears of these lesions revealed 
acid-fast bacilli that failed to grow when cultured. The same type lesions 


were noted in the 2 groups of animals inoculated with 1 and 10 mg. of organ- 


isms; acid-fast bacilli were found in many lesions that were not recovered on 
culture. No lesions were found in animals inoculated with 0.1 mg. doses. 
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CORRELATION BETWEEN EXPERIMENTAL DATA AND CLINICAL DIAGNOSIS 
EXPERIMENTAL ANIMALS 


IN VITRO BACTERIOLOGY PATHOLOGY 


VIRULENCE DIRECT | CUI TUBER DEATHS 


CLINICAL DIAGNOSIS - RK.” |REDOXt | SMEAR | TURE CLES SURVIVALS 
Inactive tuberculosis 

March, 1955; reae 

tivated Jan., 1956; 

died Oct., 1956 


Inactive tuberculosis 
June, 1955 

Active tuberculosis 
May, 1955; sent to 
sanatorium 


Inactive tuberculosis 
June, 1955 


No tuberculosis June, 
1955: active tuber 


eulosis June, 1956 


No tuberculosis June, 
1955; discharged 
July, 1955 
No tuberculosis June, 
1955 
Vuco. tube 
culosis 
wild Active tuberculosis 
strain June, 1955 ' ' 0/0 4/4 3/4 i/4 


These tabulations represent on'y those experimental animals that were examined histo 
pathologically 


*Neutral red test 

tOxidation-reduction test 

Minus sign (-—) indicates negative results 
Plus-minus sign (+) indicates doubtful results 
Plus sign (+) indicates positive results 


The first diagnosis given represents the clinical status of the patient at the time the 
orange-pigmented mycobacteria used in this study were isolated \ second diagnosis is given 
vhenever the status of the patient changed during the course of this study. 

One of 3 animals inoculated with 20 mg. of strain H. C. died 5 weeks after 
challenge. Serosal and parenchymal abscesses were present in the spleen and 
liver, and a bloody exudate was found. The cultures of these lesions were 
negative. The other 2 animais similarly treated exhibited abdominal adhesions, 


peritoneal wall, omental, and liver abscesses. On direct examination these le 


sions revealed acid-fast organisms; they were reisolated upon culture only in 


the animal infected for a 1-month period. The 2 groups of animals inoculated 
with 1 and 10 mg. showed the same type gross lesions containing acid-fast 
bacilli on direct examination. Organisms were grown from the lesions of the 
animals infected for 1 and 2 months and not from those infected for 3 months. 
Two of the 3 animals inoculated with 0.1 mg. doses showed nodules on the 
omentum, 

All but 2 of the control animals died within 3 to 9 weeks after inoeula- 
tion. One infected with 1 mg. and another with 10 mg. of Myco. tuberculosis 
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were killed 314 months later. Gross lesions were seen compatible with tubereu- 


losis, and organisms were recovered on culture. 


Microscopic Pathology.—The pathologists deseribed the lesions as large 
chronie abscesses containing purulent exudate within granulomatous walls. 


The granulation tissue of the abscess wall was not considered entirely char- 


acteristic of the granulation tissue found in tuberculosis. The tissue was rela- 
tively avascular, but it showed round or oval cells with definite boundaries, 
unlike epithelioid cells. 
were found. 


No Langhans’ giant cells and no caseation necrosis 
A few avascular nodules of epithelioid cells were seen in a few 
animals, particularly in the liver. These lesions contained no acid-fast organ- 
isms, whereas large numbers of organisms were found in the abseess walls. 
Often animals infected for the longest period revealed organisms that appeared 
to be disintegrating. No fibrosis or scarring was found. Three of the 4 eon 


trol animals sectioned showed histologie evidence of tuberculosis. 


Correlation of Clinical and Experimental Data.—The experimental data 
and e¢linical diagnosis are summarized in Table V. One animal killed by 
20 mg. of strain H. C. was not included in the tabulations; it was frozen after 
death making histologie study impossible. Only experimental animals submitted 
for histopathologic examination are recorded. These consist of 2 animals in- 
fected with 1, 10, or 20 mg. inocula for all strains except R. P. The latter was 
inoculated in 20 mg. doses into each of 3 animals; all of these were sectioned. 
Histologic evidence of tubereulosis is based on the presence of epithelioid tuber- 
cles and/or presence of acid-fast bacilli in sectioned tissues and by the growth of 
organisms from these tissues. On this basis, there is no close correlation of 
tuberculosis between experimental animals and the ¢linical status of the patients. 


DISCUSSION 


Several laboratory procedures have been performed on 7 strains of 
freshly isolated scotochromogens with the aim of possibly using some as lab- 
oratory aids for their identification and differentiation. 

Seotochromogens have morphologic and staining characteristics similar 
to tuberele bacilli. Their capacity to resist acid-aleohol decolorization longer 
than the common saprophytic mycobacteria is useful criteria for their differ- 
entiation. 

Scotochromogens grow best on optimal media; their growth rate is simi- 
lar to tuberele bacilli and less like the common saprophytie mycobacteria. Al- 
though they are less exacting in nutrient requirements, this does not quite 
approach the minimal needs of saprophytic mycobacteria. None of the sub- 
optimal media used in this study proved to be selective ; however, their use can 
give helpful information. Temperature requirement is also less eritieal than 
is necessary for the growth of tubercle bacilli. This has been found true of 
other pigmented mycobacteria considered pathogenic for man.’* It is advis- 
able to seed triplicate cultures on an optimal medium of choice, incubating one 

Or 


set at 25° C., one between 30° and 33° C., and another at 37° C. exposing at 


least the latter set to light after growth has started. This would differentiate 
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scotochromogens from tubercle bacilli, photocromogens, Mycobacterium ulcer- 
ans,‘ and Mycobacterium balnei.2. The latter 2 organisms have been found to 
grow best at 30° to 33° C. and not at 37° C. 

' The pattern of growth in Dubos’ albumin-liquid medium and reactions 
to in vitro virulence tests are not useful eriteria for the differentiation or 
identification of scotochromogens since results obtained were variable, 

Tolerance to antimicrobial agents, especially to p-aminosalicylate and less so 
to streptomycin, is a reasonably consistent finding that helps characterize seoto- 
chromogens. 

The organisms investigated failed to produce progressive tuberculosis in 
guinea pigs. Instead a chronie suppurative inflammatory response was pro 
dueed. The lesions exhibited epithelioid tubercles and atypical giant cells with 
no evidence of caseation necrosis. In these experimental animals the forma 
tion of epithelioid tubereles did not appear to be a reflection of the number 
of organisms injected. There was no histologic evidence of repair; however, 
the animals with the longest period of infection revealed short, pleomorphic 
acid-fast bacilli on direet smears and in stained sections that failed to grow 
when cultured. It appeared that animals sacrificed 3 months after challenge 
were making an attempt to overcome the invading organisms. 

Other pigmented mycobacteria such as Myco. ulcerans,’ Myco. balnei,? and 
Vyco. kansasii,*» * though associated with human lesions, apparently fail to pro 
duce progressive tuberculosis in guinea pigs but they can incite infections in 
rats, mice, or hamsters. Cellular response in these animals is not entirely char 
acteristic of tuberculosis even though infections can be fatal. 

Strain H. R. caused the death of 1 animal when 20 mg. inoculum was used. 
In this animal the gross lesions were indistinguishable from those produced by 
tubercle bacilli; histologic examination revealed numerous epithelioid tubercles 
in the liver and spleen, and the latter exhibited many atypical multinucleated 
giant cells. Other animals inoculated with this strain were sacrificed and 
abscess tormation was prevalent among the infeeted ones. Occasional epi- 
thelioid tubercles were present in the liver of another animal injeeted with 
20 mg. and killed 3 months later and in the 2 animals inoculated with 1 mg., 
but none was found in those infected with 10 mg. of organisms. This strain 
exhibited some cultural properties and in vitro virulence tests that are demon- 
strated by tubercle baeilli. 

Strain H. C. killed 1 animal when 20 mg. of organisms was used; this ani 
mal was not sectioned. Two animals similarly inoculated were killed 1 and 3 
months later. An occasional epithelioid tuberele was present in the liver of 
these animals as well as in those that received 1 mg. doses; however, none was 
found in animals infected with 10 mg. of organisms. All the infected animals 


showed gross evidence of an inflammatory response. This strain formed loose 


cords after 3 weeks’ growth in Dubos’ albumin-liquid medium. Other proper- 


ties did not conform with those typifying tuberele baeilli. 
Orange-pigmented mycobacteria were reisolated subsequently to the ones 
used in this study in eases R. P., H. P., J. S., and G. S. Case R. P. showed 
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reactivation of tuberculosis about 2 months after the last pigmented organism 


was isolated. It is evident that patients harboring secotochromogens may 


have active tuberculosis concomitantly ; they may develop the disease, or they 


may be in an inactive phase of tuberculosis. Such individuals should be ob- 
served closely before considering them free of disease and noninfectious. Fur- 
thermore, scotochromogens may have as low a degree of virulence for man as 
they seem to have for the guinea pig. 

The results of experimental studies do not correlate closely with the elini 
cal status of the patients studied ; however, an insufficient number of cases have 
been reviewed to make this an entirely valid conelusion. Continued study of 
pigmented mycobacteria isolated from man and expanding bacteriologie and 
animal studies will undoubtedly yield valuable information that may lead to 


proper and final classification of these organisms. 


SUMMARY 
On the basis of staining, cultural properties, and in vitro sensitivity reae 
tions to certain antimicrobial agents the scotochromogens are unlike the com 
mon saprophytic mycobacteria and tuberele bacilli. They form a group dis- 
tinct from these. Their bacteriologic characteristics are more like those of 
photochromogens. <A notable difference is that photochromogens need light 


for synthesis of pigment. 


Resistance to acid-aleohol decolorization, tolerance to p-aminosalicylate 
and less so to streptomycin, ability to grow on suboptimal media and at room 
temperatures, and the capacity to form pigment independent of light are use 
ful criteria for identification of scotochromogens. 

A chronic suppurative inflammatory response was produced in guinea 
pigs. The histologic picture is not typical of tuberculosis although epithelioid 
tubercles and/or atypical multinucleated giant cells were present in a number 
of infected animals occurring particularly in the liver. 


I wish to express my appreciation to Dr. R. C. Wanstrom and Dr. R. C. Hendrix, of the 
Department of Pathology, University of Michigan Medical School, for the microscopic diag 
nosis of animal tissues and to Dr. W. N. Davis, Chief Physician of Tuberculosis Control 


Division of Wayne County General Hospital, for making available the histories of patients. 
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THE USE OF BROMSULPHALEIN (B.S.P.) AS AN INDICATOR FOR 
THE DETERMINATION OF CARDIAC OUTPUT BY THE DYE 
DILUTION TECHNIQUE 
Henry C. Meviterre, Px.D., RicHarp W. Booru, M.D., JosepH M. Ryan, M.D., 
AND GEORGE F. Rreser, M.T. 

COLUMBUS, OHIO 


INTRODUCTION 

LTHOUGH the single injection indieator dilution technique for cardiac 
A output determination has been widely used during the past deeade, it 
suffers from the major limitation that rapid, serial measurements of flow are 
not feasible with the usual indieators employed. These substances are either 
cleared from the blood stream too slowly or are potentially noxious. It occurred 
to us that Bromsulphalein (B.S.P.) might be a more suitable indicator than 
those commonly used. This innocuous dye, though protein bound, is cleared 
very rapidly from the blood stream. During the past vear this dye has been 
successfully used in this laboratory as a dilution indieator. In addition, a 
recent report appeared in the Seandinavian literature with regard to this use 
of B.S.Po 


The purpose of this communication is to report our successful ap- 


plication of this dve to the measurement of cardiae output. 


MATERIAL AND METHODS 


Twelve hospital patients, some with and some without cardiovascular disease, form the 


basis of this study. Those with cardiovascular disease were not in clinical heart failure. 


Individual descriptions of the patients are given in Table I. 


Cardiac outputs were determined simultaneously in 


these subjects with Evans blue 
T-1824) and B.S.P. Ten milliliters of a 


normal saline solution containing 4.5 mg. of 
T-1824 per ml. and 5 mg. of B.S.P. per ml. were injected intravenously from a calibrated 
syringe in 1 to 2 seconds. 

Rapid delivery of the dye 


into the central venous system was accomplished in each 


flow determination by injection through a 50 em. length of (PE 160) polyethylene catheter 
whose tip lay at approximately the level of the subclavian vein or the junction of this vessel 


with the superior vena cava. The catheter was inserted by a modification of the method of 


Seldinger,2 with a 75 em. nylon filament, 0.8 mm. in diameter,t serving as the guide. 


Sample Collection.—Serial brachial arterial blood samples were obtained through an 


18 gauge, thin-wall Cournand needle, connected with 


a 2 mm. diameter plastic tubing to a 
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collecting device similar to that described by Rothe and Sapirstein. The Lucite disk with 


its heparinized collecting cells was rotated by a constant speed electric motor at the rates of 
35, 51, or 70 samples per minute, the more rapid rates being employed where greater cardiac 


outputs were anticipated, 


TABLE | 


CARDIAC OUTPUT 

L./MIN. DIFFEREN CE 

| EVANS PER 

DIAGNOSIS | BLUE B.S.P. C.C. CENT 

R.H.D.* with mitral stenosis, em- 5.87 6.11 +240 +4.1 

physema 
M 3 Bronchogenie carcinoma 10.16 10.43 +270 +2.7 
F ; Lymphosarcoma 01 5.73 280 —4.7 
M ‘ A.S.H.D.+t with complete A-V dis 5.20 5.17 30 -0.6 
sociation 
M 2 R.H.D.* with mitral stenosis 51 3.50 -10 —0.2 
M Hemoptysis of unknown cause 44 40 —40 0.6 
M i} Diabetes mellitus 5.90 .09 +190 +3.2 
F } Diabetes mellitus, chronic bronchitis 5.84 5.87 +30 +0.5 
F ; Congenital pulmonic stenosis 14 18 +40 +0.6 
M j Diabetes mellitus .60 14 +540 +8.2 
M 47 Duodenal ulcer .80 86 +60 +1.3 
M 60 Bronchiectasis, cor pulmonale 6.39 6.62 +230 +3.6 
Average 6.41 6.51 +103 +1.61 
(41.34) (41.277) (+4171) +2.59) 
*R.H.D. rheumatic heart disease. 
‘A.S.H.D irteriosclerotic heart disease. 


Dye Analysis.—The need for the separate hematocrit determinations necessary for 
expression of flows in terms of whole blood was eliminated by the following procedure. 
Exactly 0.5 ml. of mixed blood, from each sample collected during and immediately following 
the primary passage of dye, was added to 6 ml. of isotonic saline. Blood cells were removed 
by centrifugation and dye concentration in the supernatant plasma-saline mixtures was 
determined with a Beckman DU spectrophotometer. An initial reading to determine the 
T-1824 concentration in each sample was made at 620 mg. Following this the optical density 
of each sample was determined at 565 mu. A second reading at 565 mp was made following 
alkalinization with one drop of saturated sodium hydroxide solution to develop the B.S.P. 
color. The difference between the first and second readings at 565 my was assumed to represent 
the optical density due to B.8S.P. Blanks were prepared from blood samples collected just prior 
to appearance of dye and were treated in exactly the same manner. In preparation of the 
standard the same quantity of dye as had been injected into the subject was introduced 
through the previously used syringe and catheter into a 1,000 ml. volumetric flask and made 
up to volume with isotonic saline. A 0.5 ml. aliquot of this solution was added to 5.5 ml. 
of isotonic saline and 0.5 ml. of whole blood also collected prior to the appearance of dye. 
This sample was then handled the same as the blank and the other samples. 

Calculation of Outputs.—The optical density of the blank at 620 my was subtracted 
from all other readings at this wave length. The same was done at 565 my before and after 
alkalinization. The resulting net concentrations of Evans blue and B.S.P., expressed in 
optical density units, were then individually plotted logarithmically against time, and a line 
was drawn connecting all points. 


The slope of the descending limb of each dye curve, 
established by 


4 or more points, was extrapolated beyond the point of gross recirculation. 
Flow was caleulated by essentially the same formula as that used by Rothe and Sapirstein, 
Ix Vxn 


which is as follows: Q a where Q = cardiac output in liters/minute; I 


optical density of the standard sample; V dilution factor of the standard sample (in 
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these studies 1.0 liter); n sampling rate as number of samples per minute; A sum 


of the optical densities of samples collected prior to recirculation; B sum of the optical 


densities of extrapolated points, read from the curve, using the same time intervals as in A. 


Serial Output Determination.—In one patient without eardiovascular disease 5 con- 
secutive flow determinations were made within 12 minutes. Using the previously described 
injection technique, 1 ml. of isotonic saline containing 50 mg. of B.S.P. was injected in 


each of the 5 measurements. The collected samples, the blank, and the standard were 


treated as described above except that only a single spectrophotometric reading was necessary. 


This was made at 565 my following alkalinization. The same method as described above 


was used for output calculation except that only net concentrations at 565 my after alkaliniza 
tion were used. 


DK. 
| e---COee = 584 L/min. 
2°—COsse= 587 L/min. 








24 6 8 W t2 4 6 18 20 22 24 26 28 
TIME IN SECS 
Fig. 1 Simultaneous Evans blue and B.S.P. dye dilution curves in a patient without 
cardiovascular disease. The ordinate, a logarithmic scale, represents dye concentration in 


optical density units. The abscissa represents time in seconds Points denoted by X in each 
curve are on the extrapolated portions 


B.S.P. Disappearance.—The rate of B.S.P. disappearance was determined in one normal 
subject, in one patient with severe hepatic cirrhosis, and in another with congestive heart 
failure. Following the injection of 50 mg. of B.S.P. by the same technique as used in the 
output determinations, 5 ml. arterial blood samples were collected at 30-second intervals 
beginning at 1 and continuing to 10 minutes after injection. All samples were centrifuged 
and, following alkalinization of the undiluted plasma, B.S.P. concentration was determined 
at 565 my. The optical density of plasma obtained prior to injection served as a blank 
and was subtracted from each reading. These net B.S.P. concentrations were then plotted 


logarithmically against time. 
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Fig, 2 Five consecutive B.S.P. dilution curves obtained in a single normal subject in 
12 minutes The ordinate is the same as Fig. 1 The abscissa represents an extended time 
minutes Each curve, however, has a time base of approximately 20 seconds as in 


base in 
of each curve is represented by the broken line 


Fig, 1 The extrapolated portion 


EB. 


*— Normal, 


GT. 
e-- Cirrhosis, 


PH. 


e--Congestive Heart Failure 








734567890 2B 
TIME IN MINUTES 


Fig. 3 Piasma B.S.P. disappearance curves in 3 subjects as indicated, The ordinate, 
1 logarithmic scale represents dye concentration in optical density units The abscissa 
represents time in minutes following dye injection 
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RESULTS 

The results of the simultaneous B.S.P. and Evans blue flow determinations 
are summarized in Table I. It ean be seen that there is close agreement between 
the two outputs both in patients with and without cardiovascular disease. Not 
only is there no systematic difference between the two but also the actual differ- 
ences noted are within the accepted error of the dye method. 

The similarity of the time relationships of the simultaneous B.S.P. and 
Evans blue curves ean be seen in Fig. 1. This agreement was noted in all 
determinations. 

Five successive B.S.P. outputs done in a single patient within 12 minutes 
are illustrated in Fig. 2. It will be noted that the background due to circulating 
dye was 0.130 optical density units at the beginning of the fifth determination, 
compared to 0.051 optical density units at the beginning of the second determina- 
tion. 

Fig. 3 shows B.S.P. disappearance curves in the normal subject, the patient 
with congestive heart failure, and in the patient with far-advanced Laennec’s 
cirrhosis. Extrapolation of the curve obtained in the normal individual over 
the first 4 minutes following injection results in a plasma disappearance rate of 
approximately 20 per cent per minute. The rate in the congestive heart failure 
patient during this same interval is 9 per cent while that in the patient with 
cirrhosis is 8 per cent. 

DISCUSSION 


Since Moore, Kinsman, Hamilton, and Spurling’s* report on the use of the 
dilution method for measurement of ecardiae output in man, probably the most 
widely used indicator has been Evans blue (T-1824). Its chief disadvantage, 
however, is that the body apparently has no efficient mechanism for its removal 
and therefore a portion of the dye may remain within the blood stream and 
interstitial space for severai weeks following a single injection. This limits 
one’s ability to make rapid serial determinations without producing bluish dis- 
coloration of the skin. In attempts to avoid this objection, other substances more 
rapidly cleared have been employed including other dyes, radioisotopes, and 
saline solutions.© The difficulties encountered in the use of these other com- 
pounds, however, have been the inaceuraey of the measurement of their con- 
centrations in blood and/or their potentially harmful effeets. One possible 
exception to this is indigo earmine as reported by Laey, Ugaz, and Newman.*® 
These workers found good agreement between dilution curve areas simultane- 
ously determined with this dye and iodinated (I'*') human serum albumin. 


We have found that Bromsulphalein has the same distribution in blood in 


vitro as Evans blue. The identical time courses of the plotted output curves 
as well as the excellent agreement of ecaleulated flow values obtained when 
Evans blue and B.S.P. were injected simultaneously seem to indieate that B.S.P. 


behaves similarly to Evans blue during passage through the heart and lungs. 
The advantages of B.S.P., however, are that it is not retained within the 
vascular system for prolonged periods of time and that it ean be accurately 
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measured spectrophotometrically. Ingelfinger, Bradley, and associates’ have 
shown that this dye is rapidly removed from the blood stream by the liver and 
other organs. They noted that following intravenous injections of 150 mg. per 
M.? of body surface area in normal subjects, this dye disappears from the plasma 
at an average rate of 13.6 per cent per minute. Although we find it difficult to 
make a reliable extrapolation to the time of instantaneous mixing, our data in 
Fig. 3 indicate that the disappearance rate, at least during the first 4 minutes, 
is slightly greater following injections of 50 mg. in one normal subject. It 
should be pointed out however that these workers used a later portion of the 
plasma disappearance curve for their extrapolations, This rapid clearance of 
B.S.P. permits repeated determinations of blood flow in a single patient within 
a short period of time without the problems associated with progressive accumu 
lation of indicator in the blood stream. Illustrating this point the 5 determina- 
tions of eardiae output, shown in Fig. 2, were made within 12 minutes. Even 
after 4 flow determinations in 9 minutes the ecireulating blood baekground of 
dye was only 13 per cent of the peak of the fifth dilution curve. This is not a 
large blood background and ean be easily and accurately corrected for. The 
output progressively decreased to the extent of one liter during the entire 
period. The most likely explanation for this decrease would appear to be the 
blood loss, estimated at about 300 ml., which oceurred during the study. This 
mechanism has also been suggested by Lawson and his associates* to explain 
such a finding. It should be pointed out that no attempt was made to minimize 
blood loss during this observation and undoubtedly the loss ean be reduced as 
experience is gained with the technique. 

Since B.S.P. is removed from the blood stream primarily by the liver, one 
might question its use for repeated cardiae output measurements in patients with 
liver disease where prolonged dve retention might be expected. We have studied 
the rate of B.S.P. clearanee in one patient with advanced hepatic disease. The 
disappearance curve, shown in Fig. 3, indicates that the clearance rate in this 
individual is about one-half that observed in the normal subject but the econ- 
centration of dye is changing so slowly that a stable blood background would be 
present one minute after injection. This could be easily corrected for the same 
as in the normal subjeet and thus rapid serial flow determinations would be 
possible. In eongestive heart failure the rate of B.S.P. exeretion is decreased 
though not to the extent observed in liver disease. The background is likewis« 
stable in this condition and thus repeated flow determinations are theoretically 
possible. 

B.S.P. has the same limitations in the determination of eardiae output in 
most patients with eongestive heart failure as Evans blue or other dilution 
indicators. Probably because of the inereased volume of blood in the heart and 
lungs in this condition, dilution curves have characteristically extended time 


bases and accurate detection of gross recirculation on the descending slopes is 


difficult or impossible. Undetected recirculation will enlarge the area under 
the eurve and the output will be erroneously low in such a situation.® 
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Our results indieate that B.S.P. can be employed as a dilution indicator in 


any situation where Evans blue is satisfactory. 


SUMMARY 

1. In a series of 12 patients, some with and some without cardiovascular 
disease, cardiac output as measured by Bromsulphalein (B.S.P.) injection has 
been found to agree well with that simultaneously determined with Evans blue 
T-1824 


2. The advantage of B.S.P. as a dilution indicator for rapid, repeated flow 


measurements has been shown by the faet that 5 cardiae output determinations 


were made in a single patient within 12 minutes. 
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LABORATORY METHODS 


THE PHOTOMETRIC MICRODETERMINATION OF BLOOD GLUCOSE 
WITHLE GLUCOSE OXIDASE 


ABRAHAM SAIFER, M.S., AND SHIRLEY GERSTENFELD, B.S. 
BROOKLYN, N. Y. 


HE determination of ‘‘glucose’’ in blood, and in other biologie fluids, is 

undoubtedly the most frequently performed procedure in the clinical 
laboratory. It is, therefore, unfortunate that for the sake of expediency such 
analyses are being performed with procedures which are relatively nonspecific 
for glucose.! The most widely used and recommended methods for “glucose” 
or “reducing sugars” are those based either on ferricyanide** or cupric ion 
reduction in alkaline medium. Such oxidation-reduction systems are not only 
capable of oxidizing glucose but many other compounds containing the carbony! 

> C O) grouping. 

Attempts to increase the specificity of the determination of “glucose” in 
blood have been directed mainly toward the preparation of filtrates which remove 
some of these reducing substances prior to the analysis rather than toward more 
specific reagents.’” '' This development led to the widespread adoption of the 
Nelson-Somogyi method'*? by many laboratories as a routine procedure since the 
lower copper reduction values obtained, as compared with the original Folin-Wu 
tungstic acid filtrate procedure,’ seemed more in keeping with the ‘‘true”’ 
glucose values obtained by yeast fermentation.'” 

More reeently a number of other procedures have been proposed for the 
determination of ‘‘glucose’’ in biologic fluids based on condensation reactions 
of the aldehyde group of carbohydrates with phenols in strong acid solution, 
e.g., the anthrone reaction'*'* and the thymol-sulfurie acid reagent.” Such pro 
cedures not only have the disadvantage of reagent instability and of nonspecifie- 
ity for glucose, but also are conducted in such high acid concentrations as to 
make them difficult to handle on a routine basis and to so standardize conditions 
as to obtain reproducible results. 

Up to the introduction of specific enzymatic methods for glucose, the only 
acceptable measure of ‘‘true’’ glucose was that obtained by estimating the 


apparent glucose content of plasma filtrates by reduction methods before and 
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after fermenting the glucose by means of yeast.’® This method never achieved 
widespread use in clinical laboratories since the procedure is also nonspecific 
and is so time-consuming as to make it impractical for routine work. 

The determination of ‘‘true’’ glucose as a practical, routine laboratory 
procedure became a distinct possibility with the discovery of a specifie enzyme 
for glucose, i.e., glucose oxidase (notatin), by Miiller’’ and its preparation in a 
highly purified form by Coulthard and associates.'* The pronounced specificity 
of the enzyme for beta glucose was established by the studies of Keilin and 
Hartree’? on about 50 sugars and their derivatives, as well as for all 8 p-aldo- 
hexoses.*° These authors?! also used the enzyme for the determination of glucose 
in biologie material with a manometric technique and for the study of the 
kineties of different enzyme reactions which involve the liberation of glucose 
from polysaccharides, phosphorylated sugars, and glucosides. 

The most significant advance toward a routine ‘‘true’’ glucose procedure, 
based upon colorimetric analysis, came from the suggestion of Keston®? for 


the simultaneous use of 2 enzymes in the following sequence of reactions: 


olucose . . 
glucose + O. ee gluconie acid + H.O. 
oxidase 


peroxidase 
H.O. + chromogenic oxygen acceptor — chromogen 
[blue, orange, ete. |] 


o-tolidine 
o-dianisidine, ete, 


a 


These reactions have been used by Keston®? and Comer** for the semiquanti- 


tative, specific determination of glucose in urine by means of filter paper strips 
impregnated with the necessary reagents and by White and Secor** for the de- 
tection of glucose spots on paper chromatograms. 

The only published material which has attempted to employ the two enzyme 
system of Keston** as a routine analytical method for the specific determination 
of glucose in blood and urine is that of Teller.2° Our investigations have shown 
that the method cannot be applied directly to serum or plasma due to the pres- 
ence of substances inhibitory to the enzyme which are removed by protein pre- 
cipitation. Studies of the kineties of the reaction at different glucose conecentra- 
tions and temperatures indicate that the reaction rate at a 10-minute time in- 
terval is markedly affected by a change in both these parameters and that repro- 
ducible, stoichiometric values are best obtained at longer incubation periods (30 
minutes) and higher temperatures (37° C.). The method, finally evolved, is not 
only specific for glucose but more rapid and precise than the commonly employed 
Nelson-Somogyi™” procedure and, therefore, should be of great value for research 
work in carbohydrate metabolism. With minor variations in the technique, it can 
also be used as a routine elinical method for large laboratories performing 100 or 


more glucose determinations daily. 
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MATERIALS AND METHODS 


A. Reagents and Apparatus.—1. Plasma, heparinized-siliconated. Fill a series of test 


tubes to the brim with a 1:10 dilution of siliclad* in distilled water and let stand for about 
$4 minutes. Repour siliclad solution back into its original container and dry tubes in an oven 
at 60° C. Add 0.10 ml. of a solution of sodium heparint containing 1,000 pg/ml., to each 
tube and again dry in an oven at 60° C. Five to ten milliliters of freshly drawn venous 
blood, when added to a tube and mixed by gentle inversion, will not clot for periods from 12 to 
24 hours. Plasma obtained by centrifuging such tubes at 2,000 r.p.m, for 5 minutes may be 
utilized for practically all biochemical determinations except for the total protein and protein 
flocculation reactions. Oxalated plasma and heparinized whole blood were also employed in 
some of the comparison studies. 


2. Zine sulfate, 5 per cent solution of reagent grade ZnSO,7H,O-. This solution was 


used for the research method employing a spectrophotometer, 


3. Barium hydroxide 0.3 N solution; 10.0 ml. of this solution should exactly neutralize 


a 10.0 ml, aliquot of the 5 per cent zine sulfate solution using phenolphthalein as an indicator. 


Chis solution was employed for the research method using a spectrophotometer. 
+. Cadmium sulfate, 0.25 per cent solution of 3 CdSO,- 8 H,O. For use in the routine 
method using a photoelectric colorimeter. 


5. Sodium hydroxide, approximately 0.12 N; 1.0 ml. should just neutralize 7.0 mil. of 


the cadmium sulfate solution using phenolphthalein as an indicator This sodium hy 


droxide solution was used for the routine procedure since it gives a more gelatinous precipi 


tate which yields particle-free filtrates upon decantation. The more alkaline pH of these 
filtrates and the absence of Ba++ ions eliminates the formation of turbid solutions during 
the enzymatic reactions. 

6. Glucostat reagent.¢ The reagent is freshly prepared in sufficient quantity for each 
day’s run exactly as described in the accompanying circular. It contains glucose oxidase, 
horseradish peroxidases, and phosphate buffer in one vial and O-dianisidine in a second vial. 
Fach set of two vials is sufficient for 100 ml. of reagent. For routine determinations, it is 
desirable to prepare a more concentrated reagent by diluting the contents of the vials to 47.5 


ml. plus 2.5 ml. of 0.4 M phosphate buffer, pH 7.0 (139.2 Gm. Na,HPO, and 20 
KH,PO, per liter of solution 


> Gm, 


7. Glucose standards: 100 mg. per cent and 200 mg. per cent glucose solutions. These 
are prepared by dilution with 0.1 per cent benzoic acid from a steck standard of 1.000 Gm. 
per cent glucose (reagent grade) made up in 0.10 per cent benzoic acid solution and are 
stable at room temperature. 


8. Sulfuric acid: 0.50 N solution. 


9. Speetrophotometers: Beckman D.U. or equivalent instrument for use in researeh 
studies, 


10. Photoelectrie colorimeter: Klett-Summerson or equivalent instrument 


routine analysis. 
B. Methods. 


1. Glucose oxidase research method for use with a spectrophotometer: Prepare the 
filtrate by adding to each 0.50 ml. of plasma (or serum), 7.50 ml. of distilled water and 1.00 
ml. each of the 5 per cent zine sulfate and barium hydroxide. When whole blood is employed 
the red cells must be completely laked by vigorous shaking after the water addition. Mix 
and centrifuge, or filter, the precipitate formed. 


‘o 1.00 ml. of the 1:20 Somogyi zine filtrate, add 6.0 ml. of dilute glucostat reagent, 


mix, and let tube stand in a water bath at 37° C. for 30 minutes. Then add 1.0 ml. of 0.5 N 
sulfuric acid solution and mix by inversion, 


Let tube stand at room temperature for 5 minutes 
and read in the Beckman D.1 


at 395 my against a distilled water blank treated in the same 


‘lay-Adams Company, New York, N. Y 
Merck & Company, Ine Rahway, N. J 


Obtainable from the Worthington Biochemical Corporation, Freehold, N 
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manner as the plasma sample. Duplicate 100 and 200 mg. per cent glucose standards are also 
run with the procedure simultaneously with each set of unknowns. Optical density readings 
are directly proportional to glucose concentrations in the 25 to 400 mg. per cent range. 

2. Glucose oxidase routine method for use with a colorimeter: To 0.10 ml. of plasma 
or serum, add 7.0 ml. of the cadmium sulfate solution and 1.0 ml. of the sodium hydroxide 
solution. Mix and let stand 10 minutes or longer at room temperature. Mix again and 
centrifuge at 3,000 r.p.m. for 10 minutes to pack down the precipitate. Decant the super 
natant fluid into another tube in such a manner as to avoid carrying over particles 
of the precipitate but without concern as to leaving behind volumes of fluid less than 


0.5 ml. Add 2.0 ml. of the concentrated glucose oxidase reagent, mix, and incubate at 37° C 


for 30 minutes. Add 1.0 ml. of 0.5 N sulfuric acid and mix by inversion. Let tube stand for 


5 minutes at room temperature and read in a Klett-Summerson colorimeter with a No. 42 
filter against a distilled water blank prepared in a similar manner. Duplicate 100 and 200 
mg. per cent glucose standards are also prepared simultaneously with each set of unknowns. 
Glucose concentrations are directly proportional to the colorimetric readings in the 50 to 300 
mg. per cent range, 

RESULTS 

Studies of Factors Which Influence the Colorimetric Procedure. 

1. Spectral curves: Optical density readings were made with the Beckman 
D.U. over the range from 350 mp to 600 my» for the vellow color obtained with 
the glucose oxidase method using glucose concentrations of 50, 100, and 200 
mg. per cent. The results obtained show a maximum of approximately 395 mp 
for each concentration. Subsequent readings, therefore, were all measured at 
this wave length 

2. Variation of time of incubation: The glueose oxidase procedure, de- 
scribed previously in B, 1, was run for a series of glucose standards containing 
50, 100, and 200 mg. per cent, respectively, except that the ineubation time at 
28° ©. was varied from 114 to 60 minutes before acid addition. The results 
obtained in these studies show that the rate of inerease of color development 
decreases and approaches a constant value after a 30-minute incubation period 
which is independent of the glucose concentration employed. Stoichiometric 
values at these concentrations were obtained only after a 20- to 60-minute in- 
cubation period. The decrease in the rate of color development permits the 
stopping of the enzymatie reaction by acid addition over a 5-minute time interval 
without appreciable loss in accuracy of the procedure. 

3. Variation of acid concentration: The addition of acid is necessary to 
stabilize the colorimetric readings and serves both to stop the enzymatic reac- 
tions and to eliminate any turbidity formed during the reaction. The effect 
of acid addition, i.e., sulfurie acid, was studied over the range from 0 to 1.1 
N of final acid concentration in an 8.00 ml. volume. The results obtained show 
that the optical density readings reach a maximum plateau between 0.04 to 0.15 
N and then decline steadily with inereasing acid concentration. Based on these 
data, the final acid concentration employed for the glucose determinations corre- 
sponds to approximately 0.06 N sulfurie acid. 

4. Variation of reading time after acid addition: The effect on the optical 
density readings of time of standing after acid addition was studied over a 
time interval of 1 hour. The data obtained demonstrate that the optical density 
values reach a maximum plateau between 5 and 30 minutes after acid addition. 
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5. Variation of temperature of incubation: The effect of variation of time 
of ineubation over a 1 hour period was studied at temperatures of 28°, 37°, and 
56° C. From the data obtained in these experiments it was found that the 
maximal reaction was at 37° over a 30- to 60-minute time interval and that an 
incubation time of 30 minutes at 37° gave about the same optical density value 
as did a 60-minute ineubation period at 28° C. 

6. Variation of glucose concentration: The effect of varying concentration 
over a range of values from 0.0125 mg. to 0.200 mg. glucose, i.e., from 25 to 400 
mg. per cent based upon a preparation of a 1:20 Somogyi filtrate, was studied 
with the procedure deseribed in paragraph B, 1. The data obtained in these 
runs are plotted in Fig. 1 as optical density readings versus glucose conecentra- 
tion, and shows that the reaction follows Beer’s law over this concentration 


range. 
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Fig. 1 Effect of variation of glucose concentration from 0.0125 mg. to 0.200 meg. (or 


2-5 to 400 mg. per cent as based on a 1:20 plasma zinc filtrate) on the optical density read- 
ings obtained 


Application of Method to the Determination of the Glucose Content of 
Plasma. 

1. Direct plasma determination: Teller®® had previously proposed a pro- 
cedure for the direct colorimetric determination of the elucose content of serum 
by means of the enzymatie glucose oxidase method in comparison with the Nelson- 
Somogyi method.'* Since it would be desirable to avoid the time-consuming 
protein precipitation step, this problem was reinvestigated by us, using the 
procedure described under B, 1, on aliquots of 0.050 ml. of plasma in comparison 
with the values obtained with 1:20 filtrates of the same plasma. A mean value 
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3 
of 71.9 mg. per cent was obtained with the direct method for the 13 plasmas 
using serum directly as compared to a mean value of 99.7 mg. per cent when the 
method was performed with zine filtrates of these same plasmas. The con- 
sistently lower values obtained with plasma filtrates (average 27.8 mg. per 
cent), indicated the presence of an enzyme inhibitor so that all subsequent de- 
terminations were performed on Somogyi zine filtrates. 

2. Reproducibility of method for plasma filtrates: Triplicate glucose de- 
terminations were performed with the glucose oxidase method (Materials and 
Methods, B, 1) on zine filtrates prepared from 15 separate bottles of a dried 
serum preparation® all bearing the same lot number. The results obtained in 
these runs gave a mean value of 93.8 mg. per cent + 2.1 s.d. with the Nelson- 
Somogyi method and 79.9 mg. per cent + 2.3 s.d. with the glucose oxidase method 
for the same filtrates. There was present in this material 14.0 mg. per cent + 3.1 
s.d. of nonglucose reducing substances. The data obtained show that the stand- 
ard deviation from the mean is about the same for each procedure and that the 
average error for a determination, run in triplicate, is about 2 per cent for either 
method. 


TABLE I. RECOVERY OF GLUCOSE ADDED TO PLASMA WITH THE COLORIMETRIC GLUCOSE 
OXIDASE METHOD 


PLASMA GLUCOSE GLUCOSI GLUCOSE 
PLASMA GLUCOSE MG. ADDED (MG. FOUND MG. CALCULATED RECOVERY 
SAMPLE NO, PER PER CENT PER CENT MG. PER CEN’ PER CENT 
l 24. 0.0 
50.0 i. 7. 99. 
100.0 : OS, 
200.0 . 101, 


0.0 
50.0 x a3. 101.7 
100.0 i 100, 


0.0 

50.0 f fg 101, 
100.0 , 74 98.2 
200.0 : f 97. 


0.0 

50.0 

100.0 2. 147.3 

200.0 . 197.3 
93. 0. 
93. 50. o 71.7 97. 
93. 100. Wy § 06.7 100.0 
93. 200. 143. 146.7 97.5 
175. 0. 
175. 50. 110.0 112.! 97.8 
175. 100. 135.0 137.3 98.2 
175. 200.0 185.0 187.5 98.6 


3. Recovery of glucose added to plasma: To one volume of plasma was 
added an equal volume of a standard solution containing either 50, 100, or 200 
mg. per cent of glucose. A 1:20 Somogyi zine filtrate was then prepared and the 


glucose content of the mixture determined with the glucose oxidase procedure 


*Versatol Warner-Chilcott Laboratories, New York, N. Y 
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Table I shows the ealeulated and experimentally recovered glucose 

values obtained for 6 different plasma samples with this method. The amounts 

of glucose recovered range from 97 to 102 per cent and provide experimental evi- 
dence against the presence of enzyme inhibitory substances in the filtrates. 

4. Normal plasma glucose values: Ueparinized-siliconated plasma was ob- 
tained from 33 normal individuals of both sexes whose ages ranged from 20 to 
55 years of age. The zine filtrates were prepared within 5 to 10 minutes after 
venous puncture to minimize changes due to glycolysis. The same filtrates were 
run in triplicate both with the Nelson-Somogyi'? and the glucose oxidase methods. 
A statistical analysis of the data obtained in these experiments is given in Table 
Il and some representative individual results are shown in Table III. 


TABLE IT. STATISTICAL ANALYSIS OF PLASMA GLUCOSE VALUES OBTAINED WITH GLUCOSI 
OXIDASE AND NELSON-SOMOGYL METHODS FOR NORMAL, NONDIABETIC, AND 
DIABETIC INDIVIDUALS 
] (2) 
NELSON-SOMOGYI GLUCOSE OXIDASE DIFFERENCES 1-2 
rYPE AND NO, OF METHOD MEAN + S.D.| METHOD MEAN + S.D. MEAN + S.D. 
SAMPLI MG. PER CENT MG. PER CENT (MG. PER CENT) 
Normal plasma 99.5 + 8.8 90.9 + 7.9* +8.6 + 3.3 
Nondiabetie plasmas 96.8 + 9.1 7. 8.81 +9.9 + 
36 
Diabetic plasmas 168.4 + 56.7 a 2 +20.9 + 
36 


*Normal range (general population) mean 2 3.4. = 75 to 107 


mg. per cent. 


tNormal range (hospitalized patients) mean 28 = 69 to 105 mg. per cent. 


5. Glucose values of nondiabetic patients: Plasma zine filtrates of 36 non- 
diabetie, hospitalized patients were analyzed in triplicate for glucose content 
with both the glucose oxidase and Nelson-Somogyi procedures. A _ statistical 
analysis of the data obtained in these runs is given in Table IT and some of the 
individual data are illustrated in Table ITI. 

6. Glucose values of diabetic patients: The zine filtrates of the plasmas 
obtained from 36 hospitalized, diabetic patients were analyzed in triplicate for 
their glucose content with both the Nelson-Somogyi and glucose oxidase methods. 
A statistical analysis of the data obtained in these experiments is also presented 
in Table IL and some of the individual results are shown in Table ITI. 


7. Comparison of results obtained with whole blood and plasma: Heparin- 


ized venous blood samples were obtained from 6 nondiabetic and 7 diabetie pa- 
tients. Zine filtrates, 1:20, were prepared in triplicate from the whole blood 
samples making certain that all the cells were laked by shaking thoroughly after 
the water addition. 


The blood samples were then centrifuged and zine filtrates 
prepared in triplicate from the plasmas obtained. Glucose determinations were 
then performed with the glucose oxidase method for each filtrate. Mean values 
obtained for the 6 nondiabetic patients were 76.7 mg. per cent (whole blood) 
and 79.7 mg. per cent (plasma). For the 7 diabetic patients, the mean values 
were 180 mg. per cent (whole blood) and 185 mg. per cent (plasma). These 
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results indicate that whole blood may be used instead of plasma, e.g., finger tip 
blood for the microglucose tolerance procedure, with the glucose oxidase method, 
although slightly lower values (3 to 5 mg. per cent) are obtained. 
Heparinized and oxalated plasmas were simultaneously obtained from 
venous blood samples which were drawn from 6 additional patients and their 
glucose contents determined in the same manner as deseribed above. A mean 
value of 96.3 mg. per cent was found for the oxalated plasma samples as com- 
pared to 101 mg. per cent for the heparinized samples The substitution of 
oxalated for heparinized plasma in the glucose oxidase method vields glucose 


values which are about 5 mg. per cent lower on the average 


TABLE III N DIVI I UcO ALUES OF PLASMA ZIN« 


NELSON-SOMOGY 
METHOD MG. 

LASMA SAMPLE N¢ PER CENT 

fa Vormal 

106.0 

85.4 

103.0 

91.0 

S48 

97.6 

106.0 

116.0 

91.8 


111.4 


99.5 
107.0 
105.0 

91.5 

93.0 
107.0 

88.6 

(¢ 
242.0 
°66.0 
277.0 
315.0 
206.0 
198.0 
166.0 
100.0 

126.0 


113.0 


DISCUSSION 


The idea of obtaining plasma by collecting venous blood in siliconated tubes 
containing minute amounts (100 yng) of sodium heparin was suggested to us 


by Dr. Samuel Losner* of this laboratory as a result of his extensive work in 


the field of blood clotting.** In routine clinieal work, use of plasma has the 


*Deceased 
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advantage of permitting the analysis to be started within a few minutes after 
the sample reaches the laboratory. This is especially important in the deter- 
mination of glucose since an appreciable loss in blood sugar may occur during 
the interval required for the blood to clot prior to centrifugation where serum 
is used in the analysis.'. Heparinized-siliconated plasma may be used for prac 
tically all routine biochemical procedures, including sodium and potassium 
analyses, except for the total protein, or protein flocculation reactions, because 
of the presence of fibrinogen. The use of plasma, instead of serum or whole blood, 
for the glucose determinations would serve to account for the higher mean value, 
i.e., 99.5 me. per cent, obtained for the 33 fasting normal individuals with th 
Nelson-Somogyi method (Table IL) than the mean value of 90 mg. per cent re 
ported by others.2* Glycolysis upon standing would also account for the some 
what lower mean results, i.e., 3 to 4 mg. per cent, obtained for the nondiabetic 
patient’s plasma with both the glucose oxidase and Nelson-Somogyi methods 
because of the time lapse between the drawing of the blood and its reaching 
the laboratory.'. It is, therefore, more accurate to use as a normal range the 
mean glucose value + 2 standard deviations of the nondiabetic patients, rather 
than that of the group of normal individuals, in determining whether a hospi 
talized individual has an elevated blood sugar. The normal range of 69 to 105 
mg. per cent was selected on this basis. This is almost identical with the 
range reported for the Benedict copper reduction method using sodium bi 
sulfite.’ However, in surveys of the normal healthy population for diabeties, 
as in publie health elinies, it would be advisable to use the normal group in 
determining the normal range, i.e., 75 to 107 mg. per cent. 

Perhaps, the most interesting part of this data is the consistently higher 
glucose values obtained for all plasmas thus far studied with the Nelson 
Somogyi procedure as compared to the glueose oxidase method. For normal 
plasmas, this difference amounts to about 9 per cent of the total reducing sub- 
stance in the zine filtrates, or 8.6 out of 99.5 mg. per cent on the average. For 
the nondiabetic patients, the amount of reducing substances not attributable 
to glucose (or saccharoids) is slightly higher, i.e., 9.9 out of 96.8 mg. per cent 
(or 10.2 per cent) on the average. Whereas, for the diabetic group the differ 
ences between the Nelson-Somogyi and glueose oxidase methods amount to an 
average value of about 21 out of 168 mg. per cent or 12.5 per cent of non 
glucose reducing substances. The marked inerease of nonglucose reducing 
substances in diabeties, as compared to normal individuals or nondiabetic 
patients, is more evident from the data in Table IIT in which some of the in- 
dividual results are listed for the 3 groups studied. In no instanee did the 
plasma of a normal individual or nondiabetie patient exhibit a difference value 
greater than 16 mg. per cent; whereas diabetic patients have difference 
values greater than + 16 mg. per cent in about one-half of the cases. As can 
be seen from the individual diabetie values in Table ITI, ¢, some eases (25, 26, 


and 27) with elevated glucose values have difference values less than + 16 me. 


per cent while other cases with glucose values in the normal range (28, 29, 





ea 5 MICRODETERMINATION OF BLOOD GLUCOSE $57 
and 30) have difference values greater than + 16 mg. per cent. The exact 
nature of the increased saccharoids*® in the plasma filtrates of some diabetic 
patients, but not in others, is presently under investigation 

The analytical results presented in this paper were all performed with 
procedure B, 1 using the Beckman D.U. at 395 mp to perform the spectro 
photometric readings. For the past few months, procedure B, 2 has been 
used as the routine procedure for glucose determinations. It makes use of 
0.10 ml. heparinized-siliconated plasma samples which are accurately measured 
out by means of the calibrated tip-flush out-burette* technique of Seligson* 
and the decantation principle of Goldenberg. This eliminates all pipetting 
and diluting to mark exeept for the addition of the sodium hydroxide and 
gluecase oxidase and sulfurie acid solutions which are added with syringe pi 
pettes The colorimetric readings are made with a Klett-Summerson photo 
electric colorimeter using a No. 42 filter. The application of these ge neral prin 
ciples to routine biochemical determinations of substances other than glucose will 
be diseussed in detail in subsequent publications 

In the event of emergeney procedures, e.g., diabetic coma, the incubation 
time for both standards and unknowns may be shortened to 10 minutes at 
37° C. and the remainder of the procedure remains unchanged. This time- 
saving inovation will still maintain the average error below + 10 per cent of 
the ‘‘true’’ value as was determined in runs using glucose standards. 

Another experimental finding of some importance for the routine clinical 
analysis of blood glucose is the fact that the addition of sodium fluoride (2 
mg. per milliliter of blood) does not inhibit enzyme activity but does prevent 
glycolysis for 48 hours when the sample is kept refrigerated. However, the use 
of thymol as a preservative does inhibit glucose oxidase enzyme activity and 
its use as a preservative should be avoided. In practice this means that it is 
possible to collect a large number of blood samples in tubes containing fluoride 
for glucose analysis, e.g., glucose tolerance tests and carbohydrate studies, 
over a 24-hour period or longer and then perform all the determinations simul- 
taneously. 

Krom a practical viewpoint, the question of inhibitory substances which 
may be present in biologic fluids and thus prevent the reaction from proceed 
ing to completion is of the greatest significance. It was mentioned in the intro 
duction that such substances are present in significant, but variable amounts, 
in serum (or plasma) and to an even greater extent, ie., over 80 per cent, in 
urine, Many substances have been tested and have been found to have little 
or no effect on the enzymatic oxidation of glucose by glucose oxidase. These 
include a large number of common drugs and mediecations,** eyanides, hydro 
gen sulfide, azides and nareoties,’®? Mereuhydrin, sulfathiazole, bromides, strep 


tomycin, fluorides, chlorides, and urea.* Of the substances normally present 


in urine which may account for its marked inhibitory effect on the glucose 
oxidase reaction, only ascorbie acid** and urie acid® have been mentioned 
According to Teller®® only 40 pg of the latter substance will cause a 50 per 

*Burettes of this kind are obtainable from Kopp Laboratory Supplies, 1680 2nd Ave., 


New York 28, N. ¥ (Clinalysis Apparatus), or from A. H, Thomas & Co., Philadelphia, Pa 
(Seligson pipette) 
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cent loss of glucose. For routine glucose determinations he recommends a 
preliminary treatment with activated charcoal to remove inhibitory compounds 
prior to the analysis. This marked retarding effect of urie acid may also ac 
count for the differences between the results obtained by the direct analysis 


of plasma and those found for plasma zine filtrates. It has been reported in 


the literature that Somogyi zine filtrates contain practically no urie acid.’ 


The one experimental factor which was not thoroughly investigated in 
the present study was the effeet of pli Variation on the two enzyme systems. 
This was maintained at pH 7.0 with 0.005 M phosphate buffer (Sorenson 
This pH value of the substrate gave stoichiometric readings over a range of 
values from 25 to 400 mg. per cent of glucose after acid addition to stop the 
enzymatic activity. These experimental findings, in addition to the facet that 
pIL optimums of glucose oxidase and horse-radish peroxidase are 5.6 and 8.0 
units, respectively, eliminated the necessity for a systematic investigation of 
this faetor. 

SUMMARY 


1. A simple, rapid, quantitative, spectrophotometrie method is presented 
for the mierodetermination ot heparinized plasma or blood olucose using e@lucose 
oxidase, a specific enzyme for beta p-glucose. 


2. Systematic speectrophotometrie studies were made of the various factors 


which may influence the optical density values obtained with a given glucose 
coneentration for the two enzyme system The factors studied and their opti 
mal values) were: (a) time of incubation (30 min.), (b) temperature of incu 
bation (37° €.), (ec) final sulfurie acid concentration (0.06 N), (d) time of 
reading after acid addition (5 to 30 min.), and (e) spectral adsorption curve 
maximum at 395 mu or No. 42 Klett filter The coneentration curve follows 
Beer’s law over a range from 0.0125 to 0.200 mg. glucose (or 25 to 400 me. per 
cent for a 1:20 zine filtrate 


» 


4. Attempts to apply the method directly to plasma (or serum) were un- 
successful because of the presence of variable amounts of inhibitory substances, 
e.g., uric acid and ascorbic acid. Sinee these are removed during preparation 
of Somogyi zine filtrates, subsequent determinations were performed on such 
filtrates in comparison with the Nelson-Somogyi procedure. Oxalated plasma 
vields slightly lower (5 mg. per cent) results than heparinized plasma. Sodium 
fluoride (2 mg./ml.) does not inhibit the enzymatic reaction and ean be used 
to prevent glycolysis where many samples are to be run. 

4. Glveolysis is also minimized by the use of blood collected in siliconated 
tubes containing small amounts (100 p@) of heparin. This permits the plasma 
elucose analy ses to be performed within a few minutes after drawing blood. 

2 Comparative data (in meg per cent with the glucose oxidase (G.O.) and 
the Nelson-Somogyi (N.S.) methods were performed on fasting plasma obtained 
from (a) normal individuals (33), N.S. (mean + s.d.) 99.5 + 8.8, G.O. (mean 
s.d.) 90.9 + 7.9; (b) nondiabetic patients (36), N.S. (96.8 + 9.1), G.O. (87.1 
8.8); and (c) diabetie patients (36), N.S. (168.4 + 56.7), G.O. (147.5 + 51.9 
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6. Both the G.O. and N.S. methods have a 2 per cent error as determined 


by triplicate analyses on 15 standard serum samples. The normal range for hos 


pitalized nondiabetic patients is 69 to 105 me per cent which Is approximatel 
the same as that obtained with the Benedict method Kor routine analyses, 
il rapid simplified procedure is deseribed for use with a photoe lectrie color 
imeter which « mploys S\ ringe pip ttes and a decantation ste ~ 

7. Since the G.O. procedure measures ‘‘true’’ glucose, differences between 
the N.S. and G.O. methods constitute a measure of the filtrate nonglucose re 
ducing substances or ‘‘saecharoids.’’ Saecharoid mean + s.d. for the 3 groups 
studied are (a) 8.6 + 3.3, (b) 9.9 + 2.8, and (c) 20.9 + 8.8 In no instanes 
did the saccharoid values of} vroup a@ or h exceed 16 me per eent, whereas 
50 per cent of the diabetic patients gave higher results including those whos« 
blood sugar levels were within normal limits The nature of the saecharoids 


present in diabetes is under investigation 
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AN INSTRUMENT AND METHOD FOR AUTOMATIC, RAPID, 
ACCURATE, AND SENSITIVE TITRATION OF CHLORIDE IN 
BLOLOGIC SAMPLES 
ERNEST Cortove, M.D., Hinuary V. TRANTHAM, AND Rosert L. Bowman, M.D. 
BETHESDA, Mbp. 


HE instrument and method to be deseribed for titration of chloride with 

silver ion are based on established principles of coulometrie generation of 
reagent and of amperometrie indication of the end point.’ A constant direct 
current is passed between a pair of silver generator electrodes in the generator 
coulometrie) cireuit, causing release of silver ion into the titration solution 
at a constant rate. The end point is indicated after all chloride has been pre- 
cipitated by the increasing concentration of free silver ion which causes a 


rising current to flow through a pair of silver indicator electrodes and a Meter- 


Relay in the indicator (amperometric) cireuit. At a pre-set inerement of 


indicator current the relay is actuated, stopping a timer which runs coneur- 
rently with generation of silver ion. Since the rate of generation of silver ion is 
constant, the amount of chloride precipitated is proportional to the elapsed 
time 


MATERIALS AND METHODS 


Operation o e Instrument.—A w of the instrument is shown in Fig. 1 and a 
reuit diagram in Fig. 2. The sample is raised into position, the Titration Switch is turned 
to the No. 1 position (starting the stirrer), and the running time meter is reset to zero. The 
adjustable pointer of the Meter-Relay is set 10 ya above the reading of the indicating 
pointer (initial indicator current). The Titration Switch is then turned to the No, 2 position, 
starting both the timer and the generation of silver ion. At the end point the indicating 
pointer reaches the setting of the adjustable pointer, closing the switch contacts they carry, 
and thus actuating the relays which shut off timer, generator current, and stirrer. The 
elapsed time is read to the nearest 0.05 seeond. 

Electrochemical Reactions at the Electrodes.—The voltage impressed across the indicator 
electrodes is 0.25 to 0.14 volt (values below 0.25 v. are due to voltage drop across the 
Meter-Relay signal coil, Fig. 2, e, with indicator eurrent flow up to 40 wa). In this voltage 
range, free silver ion is reduced at the indicator cathode at a maximum rate for a given 
concentration, and silver ion is simultaneously released at the indicator anode. Only 
negligible amounts of other substances in the solution can undergo oxidation or reduction 
at the indicator electrodes. Thus, the initial current is usually less than 2 wa. The Titration 
Rate Switch provides a choice of 3 rates of titration: low, medium, and high, representing 
generator current of about 1.5 Ma, 6 Ma, and 24 Ma, respectively. The current efficiency 
of silver ion generation was found to be 100 per cent (the ratio of Faraday’s constant to 
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al e ju valent « " by t f ehloride standards and precise 

easurel generator curré Wi LOO.7 per cent at low, 99.9 per cent at medium, 
d 100.0 per « ts high). | result shows that the only electrochemical reaetion 
urring® ¢ | yenerator anod oxidation of metallic silver to silver ion, none of whiel 
eathode hydrogen ions of the solution 


agcenerator electrodes is 1 to 2 v. 


Titration 


Switch 


the instrument The titration vial is in the lowered positior 
on the left and perpendicular to the generator electrode pair on 
ent The generator anode on the right is continuous with a 
spool The indicating pointer of the Meter-Relay at 
roamperes Ihe ijustab!le pointer is moved by means 

stirrer turns at 700 r.p.m., driven by a phonograph turn 


content in the sample 
titration, 0.25 to 3 pwkq titration time about 64 see 
12 pwEq t time about 16 see./uEq); at high current, 
‘otal volume in the vial should be about 
about 2 


medium contains 0.1 N HNO., 10 per cent (1.75 M 


gelatin as final concentrations (within + 10 per cent 


ml. at low current and 2 to 


titration, one drop per milliliter of solution in 

prepared in large volume, divided into small 

s used each day. It contains 600 mg. per cent 
confirm presence of gelatin and acid in the vial 

rs) The temperature of the solution in the 


error is ineurred with departure from 


paration of Plasma and ne Samples.—Pipette into titration vial 0.1 ml. 


irine, about 1 , N HNO,, 10 per cent acetic acid, and 4 drops of 


Smaller volumes, or aliquots of dilutions of larger 


Blank Samples.—For titration at high or medium current, 
of 0.1 N HNO,, 10 per cent acetic acid, and 4 drops 


alf these amounts. 
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Typical Preparation of Standard Sampl The amount of chloride standard is chosen 


to give a titration time of about 60 seconds. 


ent acetic acid are pipetted into titration vir 


i$ ml. of 4 m 
0.5 m kg L, 


Kq./l. at high 


lige 


at low current 











volumes of NaCl in 0.1 N HNO, and 10 per 
gelatin is added. Typical amounts are 


urrent; and 


{ml of | mEq./L. at mediun 


STIRRER MOTOR 








TIMER 














300 VDC 








eat | 
| 





i G- 
TITRATION! 





i SOLUTION 


R5 





IND. CKT. 








RELAY CKT 





| MICRO-AMPS 
—- ! 


I-10 49 


1+ 

wn — 
| 

1 

I - 


Rie asap cena 





$5 COIL 








Fig. 2. 
current, befor 
S-5 contacts 

S-1 


S-2 


S-5 


G 
GG 
I+ 
I 
( Meter- 
Supply, close 
H40E, RL W 


Circuit diagram of 


e shut-off S-1 
are in normal 
Main Switch 

Titration Rate 


Titration Switch 
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automatic titrator 


Circuit is shown during titration at high 
S-2 is at {i S-3 is at No (titrate) position S-4 and 
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carried on 


x0 ohms, 


carried on 6. 8&-K, 10 w 


4-K, 5 w 


Signal Coil, 2,800 ohms, in- 


cluding damping 


Lock Coil of 
100 ohms 
Relay, 3 PDT 


Cramer Co 


resistor 
Circuit, 


Assembly 
3-70X, Dressen-Barnes Corp 
Centerbrook, Conn. ) 


Mercury battery 


Fuse, 3 amperes 


(Potter-Brum- 
field No. KCP 
Generator anode 
Generator cathode 
Indicator anode 
Indicator cathode 
Relay, Model 261-C, 
ly regulated, No 


PL. Pilot light, NE 51 
D> Germanium diode, 1N 96 
PS Direct current power supply 
B+ and B Positive and negative poles of 
D. Cc. supply (about 300 v.) 
Chesterland, Ohio D. C. Power 
Pasadena, Calif Timer, Type 


Products, Ine 
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d, the standard to be titrated along with the usual plasma and urine samples 


of 160 mEq./L. NaCl in distilled water. 
of Chloride Content With each dav’s unknowns, a few blanks and standards 
The timer reading is designated as ‘* gross see.’’ ** Net see.’’ of standards on 
obtained by subtracting the average gross seconds of blanks. 
of std. cone. of d. in mg i 


tandard factor in pkhq/see. . 
av. net see. of standard 


net see. of unknown 
cone, of unknown in mEq./L. 
ml. of unknown 


RESULTS 
Re lation of Titration Time to Amount of Chloride. Precise volumes ol 


standard NaCl solution, of urine, and of plasma, representing varied levels of 


chloride, were titrated automatically at low, medium, or high generator current 


TABLE I, STATISTICS OF LINE OF REGRESSION OF GROSS SECONDS FOR TITRATION ON AMOUNT 
CHLORIDE 


CHLORIDE STANDARDS (NaCl URINI PLASMA 

Generator current Low Medium | High Medium High 
No. of Cl levels 7 7 S 7 5 
No. replic. each level 6 } 4 t t 
Av. blank + S.E. (see. 7.48 + 0.04 4.55 + 0.08 1.44 + 0.03 4.69 + 0.04 46 + 0.04 
Intercept + S.E. (see. 7.94 + 0.25 $.88 * 0.08 1.43 + 0.09 5.50 + 0.01 314+ 0.16 
S.D. of single analysis from 

line (see, f 0.84 0,22 0.41 0.20 0.36 
S.D. of slope % of mean 0.21 0.06 0.12 0.06 0.32 
Reciprocal of slope 


pEq/sec. 0.01563 0.05893 0.2559 0.5983 4 2.5064 


uEg see. factor of reference 


sample} 0.01549 0.05858 0.2557 0.59084 2 505+ 


*Microequivalent of chloride ranged between 0.25 and 3 at low current, 1 to 12 at 
edium, and 2.5 to 50 at high 1liquots of plasma ranged between 0.025 and 0.20 mil ind of 
irine between 0.01 and 0.12 ml 

+Microliter of urine or plasma per second 

Reference sample is that nearest 60 seconds titration time (see text) 


Blank samples were also titrated. The results are summarized in Table 1. The 
line of regression of gross seconds on amount of ehloride was calculated in 
each ease by the method of least squares, using average values at each level, 
and exeluding blank samples. In each ease, the line has a positive intercept 
on the time axis. The intercept gives the best estimate of the true blank time, 
which comprises a small component due to traces of silver-combining substances 
in the reagents, plus the ‘‘overtitration time.’’ The overtitration time is that 
required after the equivalence point until the Meter-Relay is tripped by the 
rising indicator current (rise of indicator current of 10 ya above the initial 
value The average measured blank differs statistically from the intercept 
value only in the ease of the urine sample, and even here the difference is small. 

The relation of gross seconds for titration to amount of chloride is linear 
to a high degree of precision in all 5 samples, as shown by the small standard 
deviations of the slopes of the lines: between 0.06 to 0.32 per cent of the mean 
values of each. The linear relation also has been found at longer titration times 


up to above 500 see. at low or medium current (within 0.3 per cent of expected 
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values) and to as short as 5 see. at high current (within 1 to 3 per cent). At 
high current, titration times above 200 see. may be erratic because of the large 
amount of precipitate. 


The variation of replicates at ans chloride level is small the coefficients of 


variation of the subgroups of Table I ranged from 0.04 to 1.5 per cent and 


were below 0.64 per cent for titration times of 40 see. or more. In Table I, th 
standard deviation of a single analysis from the line gives a measure of the 
total variability of all analyses in each group, including all levels, and is 
between 0.20 and 0.80 see. for the 5 groups. Beeause of the precise linearity 
and the eorrespondence of measured blank with intercept, the factor of pro 
portionality (s#Eq/see.) between amount of chloride and titration time can be 
accurately determined from the net titration time of a single reference standard 
selected to give a titration time of about 60 see The standard faetor so 
obtained corresponds closely to that obtained from the least squares line which 
includes all the chloride levels expressed as reeiproeal of slope in Table I 
From day to day the standard factor has shown no greater variability than on 
a single day 

Recovery of Chloride Added to Plasma and Urine.—Pooled human plasma 
was dialyzed against 0.02 M phosphate buffer at pHl 7.4. The titration value 
of the dialyzed plasma was 0.56 mEq./L. Titration was performed in duplicate 
at high eurrent on 9 combinations of addition of 5, 10, or 20 pEq NaCl to 
aliquots of dialyzed plasma of 0.05, 0.10, and 0.20 ml. The recovery of the 
added chloride was between 99.7 and 100.2 per cent (average of duplicates 

Low-chloride urine (1.69 mEq./L.) was obtained from a subject on a low- 
salt diet and a similar recovery experiment performed The per cent recovers 
was between 98.7 and 101.3 per cent (over-all average of 100.1 per cent) for 
+ levels of added chloride (2 to 8 phEq) added to 0.1 or 1.0 ml. of urine. 

Effect of Plasma Protein on Chloride Titration.—Titration of chloride in 
plasma without removal of protein results in a slight positive error not detectable 
in a recovery experiment since the original value is subtracted. A sample of 
globulin) gave titration values of 0.86 mEq./L. before, and 0.26 mEq./L. after 
protein removal by precipitation with 0.8 N HNO The difference of 0.60 


dialyzed plasma (containing 4.3 Gm. per cent albumin, 2.7 Gm. per cent 


mEq. L. represents the extent of combination of silver ion with protein. The 
average difference in titration values of 9 nondialyzed plasma samples before 
and after deproteinization averaged 0.60 mEq./L. (+ 0.18 mEq./L. standard 
error); the average protein content was 3.9 Gm. per cent albumin, 3.3 Gm 
per cent globulin. 

In addition to the effeet deseribed, the presence of excess protein may 
inerease the over-titration time to an extent greater than that estimated from 
a blank sample, by slowing the rate of rise of indicator current at the end 
point. Prolongation of the overtitration time of about 0.5 see. was produced 
by added plasma protein of the following concentration in the titration solution 
100 mg. per cent at low current titration; 200 mg. per cent at medium and 
1,200 mg. per cent at high current. The error is approximately proportional 
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to proteim eoncentration, and is negligible in the ease of direct dilution of plasma 
or urine (exeept for occasional urines with high-protein and low-ehloride con 
centration 

Titration of Chloride in Tissue Evrtracts... Depending upon the tissue and 
the method of preparation of the extract or digest, various amounts of sulfhydryl! 
or sulfide groups may be produeed which combine with silver ion, giving 
erroneous high values for chloride The presence of these groups can he 
shown by their characteristie odor at acid pH, and quantitatively by addition 
of H.O. to a solution at alkaline pH; these groups are oxidized and no longer 
combine with silver ion whereas chloride is unaffeeted. Even after dry ashing 
with Na.CO, at 480° C. for 15 hours, some of such groups remain (probably 
sulfide). In a limited number of carefully controlled studies, no error resulted 
from simple water extraction (immersion of 1 mm. thick pieces in water at 
room temperature for 24 hours, with mixing); a large error resulted from 
alkaline digestion (dissolution in 0.1 N NaOH at 100° C.). Further studies 
on tissues are being condueted and will be reported later, but the following 
summarized data on frog gastric mucosa are illustrative. Methods were con 
trolled by an isotope dilution technique using Cl°*; the relative amounts of 
silver ion required are expressed as a percentage of the titration value of the 
simple water extract (representing mucosal chloride content of 65 mEq./Kg. wet 
weight 

a) dry ashing of water extract = 100.1 per cent 

b) H.O, oxidation of (a) = 99.5 per cent 

¢) alkaline dissolution of mucosas at 100°C. 133.3 per cent 

d) H.O, oxidation of (e¢) — 101.5 per cent 

e) dry ashing of (¢ 110.9 per cent 


f) H.O. oxidation of (e) = 99.2 per cent 


Comparison With Extrapolated End Point of Titration Curve—The stand 
ard method of determining the equivalence point in an amperometric titration 
has been by graphing the titration curve and extrapolating the terminal linear 
portion of the rising indieator eurrent after the equivalence point to intersect 


the value of initial current.* In a series of samples including standards, plasma, 


urine, and tissue extracts, net titration times were determined simultaneously 


hy the present automatie method and by the extrapolated end point method 
the entire titration curve was recorded in this series). The differences between 
the two methods in 200 individual samples averaged + 0.14 seeond. The algebraic 
differences showed the automatie method to average lower by an insignificant 
amount (0.008 second 


DISCUSSION 


In comparison with commonly employed methods for chloride which depend 
upon colorimetric titration® the present procedure has advantages of greater 


simplicity, rapidity and sensitivity, of the wide range of concentrations of 
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chloride whieh can be determined accurately in a single aliquot, of the avoid 
ance of deproteinization or digestion, color interferenee, and operator variabil 
ity in recognition of the end point In comparison with electrometric procedures 
previously deseribed':** the present method has the advantages of accurate 
and consistent and automatic detection of the end point in a wide variety of 
biologie samples. 

The use of an amperometric end point to obtain automatic shut-off at a 
pre-set increment of indicator current, requires that the titration curves in 
varied samples be highly reprodueibl In the course of the present study, 
indicator electrodes of platinum, silver-plated platinum, gold,** and tantalum 
were tried, but consistent results were obtained only with the combination of a 
silver anode and a silver or gold cathode. Results were superior if both indicator 
electrodes were silver, and this combination has given consistent titration curves 
in the course of thousands of titrations of a variety of biologie samples. The 
Meter-Relay allows easy setting of the shut-off point at a constant increment 
of indieator current, despite differing initial eurrents. Data have been presented 
to show that the over-titration time is accurately determined by titration of a 
blank sample 

Some protein in the titration solution is required in order to obtain a 
smooth indicator current and to prevent reduction of AgCl, and this is supplied 
by 25 me. per cent gelatin.2 The presence of additional protein, however, may 
introduce some error, due to combination of silver ion with available sulfhydryl! 
groups. Titration of plasma without deproteinization gave values which were 
erroneously high by 0.60 mEq./L. in plasma of approximately normal protein 
content. An average value in normal sera of 0.54 mEq./L. of SH was obtained 
by Weissman and associates,” using argentometrie titration in ammoniaeal solu 
tion, and sera of low-protein content gave values as low as 0.07 mEq./L.'" The 
rvailable SH determined by their method was about 0.10 mEq./L. per Gm. 
per cent of albumin and 0.04 mEq./L. per Gm. per cent of globulin.” With the 
present method, the error in titration of plasma without deproteinization is 
unimportant for most purposes. 


SUMMARY 


An instrument and method are deseribed which provide aceurate, rapid, 
and automatie analysis of chloride in biologic samples, by electrometrie¢ titra 
tion with silver ion. Titrations times of 20 to 60 seconds per sample have a 
standard deviation of about 0.5 per cent of the mean value, and shorter times 
down to 5 seconds have only slightly greater variability. The method is sensi- 
tive, measuring accurately as little as 0.25 »Eq of chloride. Operation of the 


instrument is simple and can be performed by personnel with little experience. 


Preparation of plasma, urine, or water extracts of tissue for titration requires 


only addition of reagent. 


We gratefully acknowledge the technical assistance of Harry L. Morrison and the 


assistance of Dr. Max Halperin in the statistical analysis. 
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A SIMPLIFIED SEMIAUTOMATIC BIO-ASSAY APPARATUS 
CARLOS E. RAPELA, M.D., AND EUGENE A. CoNnRApD, PH.D 
WINSTON-SALEM, N. C. 

Wirth tHe TecHNicaAL ASSISTANCE OF GEORGE H. ARMSTRONG 


HARMACOLOGIC assays on isolated preparations have become greatly 
simplified by the recent introduction of automatic and semiautomatic types 
of apparatus.’** Hlowever, the above equipment is either very complex in de 


sign or its essential components are expensive or not readily available. 


The present apparatus has been designed primarily for cathechol amine 


determinations utilizing the uterus assay procedure of Garcia de Jalon and 
associates 
MATERIALS AND METHODS 


The following materials were used in assembling the semiautomatic bioassay appa 
ratus: 1 fixed-interval repeat-cycle timer* with a 1% r.p.m. synchronous motor, 4 adjustable 
cams, and 4 double-throw snap switches; 3 Westinghouse solenoidst; one 18-volt pilot light 
bulb with socket assembly; 2 banana plugs; insulated wire; polyethylene and thin-walled 
rubber tubing (5 mm. diameter 

\n isolated organ bath containing a rat uterus was set up according to the classical 
arrangement. Two Mariotte bottles (1- and 2-liter capacity, containing modified Tyrode's 
solution{ with carbachol and without carbachol, respectively were placed at a convenient 
height above a 2 ml. isolated organ bath. Two small inlet tubes fitted in the rubber base 
of this bath were connected to the Mariotte bottles by polyethylene tubing except at th 
points where the solenoid clamps were applied. Thin-walled rubber tubing was used at the 
points of clamping. Air was bubbled by means of a hypodermic needle introduced through 
the rubber base of the bath; the isolated tissue was attached to this needle. The fluid level 
vas kept constant by a suction tube as suggested by Gaddum and Lembeck.? \ thermo 
regulated water bath was used to maintain the desired temperature for the solutions and 
isolated tissue. 


Delivery of the solutions is controlled by 2 electromagnetic clamps connected with snap 


switches No. 1 and 2 of the cycle timer (Fig. 1). The snap switches are operated by the 
cams of the fixed-interval repeat-eycle timer. Each of the 4 sets of cams consists of 2 disks 
side by side on the timer shaft. Half of the circumference of each disk has a smailer 
liameter than the remainder. One disk can be rotated manually from the other member of 
each pair and locked in position; this adjustment forms a notch that determines the time 
nterval of the release of the snap switch. In this position of the cams, the current to the 
electromagnetic clamps is off when the circuit is connected to the snap switch lead labeled 
‘normally open.’’ The rate of flow to the tissue bath was controlled by an adjustable 


Hoffman clamp 


From the Department of Physiology and Pharmacology of The Bowman Gray School of 
licine of Wake Forest College, Winston-Salem, N. C 
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*Series 5800 obtained from Haydon Manufacturing Co., Torrington, Conn 
Part No 

Modified Tyrod solution as prepared by Gaddum and Lembeck 
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\ third electromagnetic clamp, not shown in Fig. 14, was connected to the lead labeled 
‘normally open’? of snap switeh No. 4 and controlled overflow suction time. Rubber tubing 
was attached to the side arm of a T-tube inserted in the suction line; the free end of the 


tubing was passed throug! clamp 
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SIMPLIFIED BLO-ASSAY APPARATUS 


RESULTS 


Fig. 2 serves to illustrate the sequence of events in a 2-minute eyele as 
controlled yy the described apparatuls An isolated uterus was suspended in 
modified Ty rode’s solution with and without added carbachol Krom ato b (5 
seconds 2 oe. oF Ty rode’s solution containing earbachol entered the organ 
hath: from ¢ to d 5 seconds ), the tissue was washed with 10 ml. of Ty rode’s 
fluid; from e to h (30 seconds), the suction line was off; from f to g (5 see- 
onds), the lamp was on signaling the addition of standard or unknown samples; 


at aa, the cycle was repeated. 





SeTTT TTC CCT TT Teer rT tT | 
ab cdefg h aa 
Time 
(each division = 5 seconds) 


Fig. 2 Contraction of the isolated uterus a infl 
pparatus \ 22-minute bio-assay cycle controlled by 
tracing, contraction of the uterus; horizontal scale, tin 


DISCUSSION AND SUMMARY 
A semiautomatie bio-assay apparatus was described; the essential com 
ponents are readily available and it is simple in design, relatively inexpensive, 
and easily assembled. Possible applications of this equipment inelude the bio- 


assay of: epinephrine, norepinephrine, antihistaminie compounds, curarelike 


drugs, and spasmolytie agents. 
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i de Jalon, P., Bayo, J. B., and Gareia de Jalon, M.: Sensible y nuevo meétodo «ke 
> 


be 
rata, Farmacoterap, actual 2: 313-315, 


aloracion de adrenalina en Utero aislado de 
1945. This article has been abstracted in the Addendum, since the original paper 
has been published in a journal which is not readily available, 


ADDENDUM 
ABSTRACT OF REFERENCE 5, 
Sensitive and New Method of evaluation of adrenaline im isolated vat uterus 
The present procedure is based on the adrenaline inhibition of spontaneous motility of 
olated rat uterus (Knaus and Clark, 1925), on the evaluation of ergot by Broom and Clark 


ref. not cited and on the inhibition of spontaneous motility as reported by Beauvillain 


a solution with the following composition: sodium chloride, 9 Gm.; 
sodium bicar 


1945) using potassium 

oride, 0.42 Gm.; caleium chloride, 0.06 Gm.; magnesium chloride, 0.005 Gm.; 
honate, 0.5 Gm.; glucose, 0.5 Gm.; distilled water, quantity sufficient for 1,000 ml. 
\ 75 ml. oxygenated tissue bath at 29° to 30° C. was used, The spontaneous uterine 
movements were inhibited after several washings at this temperature. Contractions were in 
luced with acetylcholine (1:1 million to 1:3 million); the first 4 or 5 contractions were 
The duration of the acetylcholine contraction was 1 to 1.5 minutes and sometimes 


discarded, 


t was followed by several smaller contractions. The test was started once the uterus rm 
sponded with contractions of the same height after optimal doses of acetylcholine. Following 
induced contraction by acetylcholine, the bath was washed. Addition of adrenaline did 


acetylcholine was added. The height 


of the contraction obtained was dependent exclusively on the dosage of adrenaline used, At 
An unknown 


ach 


not change the base line; 1 minute or 1.5 minutes later 


h doses of adrenaline the acetylcholine-induced contraction may be abolished. 


adrenaline sample can be compared with a known standard using the above procedure. 


Garcia de Jalon and co-workers cite the following advantages in the proposed method: 
sensitivity to 0.01 wg adrenaline when using a 75 ml. bath; stability of response after repeated 


iSsays; easy to perform; and low cost. 








DIFFUSION OF PROGESTERONE AND DESOXYCORTICOSTERONE 
INTO NITROCELLULOSE (LUSTEROID): A POTENTIAL SOURCE 
OF ERROR IN ULTRACENTRIFUGATION 
UnLricH WESTPHAL, PH.D. 

Fort KNox, Ky. 

HEN an aqueous solution of progesterone is kept in a tube made from 
‘*Lusteroid’’ (eellulose nitrate), part of the steroid disappears from the 
solution. This was observed when aqueous solutions of C'-tagged steroid 
hormones were subjected to ultracentrifugation in Lusteroid tubes.’ The inter- 
action of progesterone with the tube wall was considerably reduced when albumin 
was present in the solution, presumably by competitive binding of the steroid 


to the protein. No decrease in concentration was detected when eortisol-4-C™ 


was kept in contact with the nitrocellulose plastic.’ 


The mechanism of this interaction between steroid and nitrocellulose was 
investigated since it is an uncommon reaction of a A‘-3-ketosteroid hormone 
It is of considerable practical significance in all studies where small quantities 
of certain steroid hormones are handled in nitrocellulose plasties as, e.g., in high- 


speed centrifugation or ultracentrifugation. 


MATERIALS AND METHODS 


Steroid Solutions. Properties and purification of the progesterone $-C1l4 used 1 pg 
8,400 ¢.p.m.) have been described previously.2. A solution in water was prepared containing 
0.55 pg per milliliter. The nonradioactive steroids,* after several reerystallizations from 
aqueous and water-free alcohol, had the melting points reported in the literature. They were 
dissolved in phosphate buffer of pH 7.6, u 0.1, prepared from reagent-grade sodium salts 
and deionized distilled water. Details of the preparation of the aqueous steroid solutions 
and of their determination with the Beckman DU spectrophotometer have been outlined 
before’: progesterone, desoxycorticosterone, and cortisol were measured at their absorption 
maxima at 249, 249, and 248 mg, respectively. 

Kinetics of the Steroid-Lusteroid Interaction. Five-tenths milliliter of an aqueous 
progesterone-4-Cl4 solution (0.55 wg per ml.) was placed into each of a number of Lusteroid 
tubes (60 mm. long, 12.5 mm. inside diameter, round bottom).+ In all experiments the 
Lusteroid tubes, which had not been used before, were thoroughly cleaned with a detergent 
solution and rinsed with distilled water. The 0.5 ml. steroid solution covered a wall area of 


From the Protein and Steroid Section, Biochemistry Department, | Ss Army Medical 
Research Laboratory, Fort Knox, Ky 
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*Progesterone and desoxycorticosterone were kindly provided by Ciba Pharmaceutical 
Products, Ine., Summit, N. J., and cortisol by The Upjohn Company, Kalamazoo, Mich. 

tLusteroid tubes obtained from Specialized Instruments Corporation, Belmont, Calif 
as accessories to the Model E Spinco ultracentrifuge, rotor J. 
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approximately 2.3 square em. The tubes were kept at 4° C. and 0.1 ml. samples were with 
drawn at the intervals indicated in Fig. 1, Curve I. Quadruplicate determinations of the 


Cit radioactivity were made using gas-flow-counter techniques deseribed previously. 
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1 Diffusion of steroids into Lusteroi 
Curve I V.o»v we progesterone-4-C™ per mil 
Curve II 6.36 we progesterone-C™ per ml 
Curve III 6.12 we progesterone-C™ per ml 4 
Curve IV 6.69 we desoxycorticosterone per ml.; 24 
8.54 we cortisol per ml 24 
VI 8.20 we cortisol per ml i 
phosphate buffer pH 7.6 ) 


water surface area of Lusteroid } square cm, 


studies employing nonradioactive steroids, 15 ml. of the steroid solutions in 
uffer, at the concentrations given in Figs. 1 and 2, and in Table I, were put into 
slass-stoppered Erlenmeyer flasks. Four hollow Lusteroid cylinders of 12.5 mm. 
12.5 mm. inside diameter, obtained by dissecting the 50 mm. long straight part of 
be, were placed into each of the flasks. A total surface area of approximately 

vas thus provided whieh was completely covered hy the 15 ml. of the steroid 

opic Observation indicated that the Lusteroid material had a very smooth, 
occasional scratches did not appear of sufficient magnitude to change 

aleulated from the macroscopic dimensions, Controls were set up in the 

ml. of steroid-free phosphate buffer surrounded the Lusteroid rings 

placed on a shaking machine (100 strokes per min., 3 em, extension with 

ments illustrated in Fig. 1, Curves II-VI: 120 strokes per min., 4 em. extension 


periments illustrated in Fig. and kept at the indicated temperatures. At the 
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time intervals noted in Figs. 1 and 2, aliquot samples were removed, measured in the Beckman 


DU spectrophotometer and 


immediately 


returned to the original Erlenmeyer flasks. The 


steroid-free controls were used as blank solutions in the spectrophotometric measurements. 
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For the chemical identification of the steroid which had diffused into the nitrocellulose, 
progesterone-C12 and progesterone-C14 solutions were exposed to Lusteroid in the deseribed 
manner, After 6 days when the steroid concentration had decreased to 43 per cent of its 
original value, the nitrocellulose was removed from the solution, rinsed with water and 96 
per cent aleohol to remove any surface-adsorbed steroid, scissored into small pieces, and 
extracted with 96 per cent alcohol at approximately 65° C. for 72 hours. Paper-chromato 
graphic analysis in hexane-propylene glycol+ using colorimetric’ and radiometric? techniques 
failed to demonstrate any steroid compound except progesterone. It is coneluded that the 
interaction of nitrocellulose with the +-3-ketosteroids studied does not involve a chemical 


alteration of the steroid molecule. 


TABLE I. INTERACTION OF PROGESTERONE AND DESOXYCORTICOSTERONE WITH LUSTEROID 


ADSORBED 
STARTING PER 40 cm.2 K.2 PER 
CONC. (Co) LUSTEROID ADSORBED 
STEROLD* 2 pG/ML. (pG ) MOLECULE} 
P 6.11 2 Sf 27 
P 5.99 by 36 
D 6.94 oe 3.98 55 
D II 6.94 26° ‘ 50 
D II] 19.72 25 65 47 
D - 19.56 ; a 51 
°P progesterone DD desoxycorticosterone 


tAssuming adsorption in a monomolecular layer 


RESULTS AND DISCUSSION 


As may be seen from Fig. 1, Curve I, the concentration of pr gesicrone-4-C™ 
in the Lusteroid tubes first declined sharply, then gradually, and reached a level 
of less than 10 per cent of the original content after 8 days. This continued 
disappearance of the steroid from the solution suggested actual diffusion into the 
Lusteroid rather than adsorption onto the wali surface. This assumption was 
corroborated when it was noted that the major part of the Lusteroid-bound 
progesterone-4-C'™* could not be washed off its surface with ethanol. Although 
a small fraction of the Lusteroid-fixed steroid could be eluted by rapid washing, 
the major portion of it was recovered from the ethanol-rinsed and disseeted 
plastie only by repeated and prolonged extraction with hot ethanol.’ 

Essentially similar disappearance rates were obtained for nonradioactive 
progesterone and desoxyeorticosterone when solutions in phosphate buffer were 
kept in contact with a Lusteroid surface for periods up to 11 days at 4° C. and 
at room temperature (Fig. 1). Solutions of cortisol of similar concentration 
showed practically no change under identical conditions of exposure to the 
plastic. The removal of progesterone and desoxyveorticosterone by the nitro- 
cellulose material approximated a logarithmie decline. In all experiments the 
extension of the ‘‘disappearance curve’’ to time zero did not coineide with the 
level of the original concentration but stayed significantly below that value. 


When the rates of decrease of the steroid concentrations were measured 


over shorter periods of time at room temperature disappearance curves were 


obtained as exemplified in Fig. 2; data for additional experiments are given in 
Table IT and elsewhere.” The curves showed a rapid initial decline in the steroid 


concentration followed by a slower rate of disappearance. The straight line 
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obtained by plotting log concentration versus time was extrapolated to time zero 
to give the coneentration eg. This value constitutes the initial steroid coneen 
tration (¢,) less that portion whieh disappeared rapidly from the solution 
during the first minutes; this quantity, ¢,-ey, is interpreted as being removed 
from the solution by adsorption to the Lusteroid surface. Assuming adsorption 
in a monomolecular layer, the area required per molecule was ealeulated to be 
approximately 52 A per molecule with progesterone and about 51 A.’ per 
molecule with desoxycorticosterone. Tripling the concentration of desoxycorticos- 
terone did not cause a detectable change of the surface area requirement per 
molecule of this steroid (Table I 

The spatial dimensions of progesterone constructed from Stuart-type models 
(Fisher Scientifie Company; 1 em. — 1 Angstrém unit) and measured against 
an Angstrém scale* were found to be approximately 12 to 13 A. long, 6 to 7 
A. wide and 5 to 6 A. thick in satisfactory agreement with those found by x-ray 
diffraction measurements of progesterone’ and steroids in general. If one 
assumes that the A‘-3-ketosteroids are adsorbed as a monomolecular layer, the 
space requirements observed (Table I) would indicate that the molecule is 
adsorbed on its smallest projected area. 

The plastic tubes used (Lusteroid) consist of cellulose nitrate’ which is 
known to have an affinity for ketones.’° It is believed, therefore, that the 
carbonyl groupings of the steroids are responsible for the adsorption to the 
Lusteroid surface and for the subsequent disappearance. The kinetic analysis of 
the disappearance of the steroids from the solution shows that the first step 
involves a comparatively rapid fixation of an amount of steroid which cor- 
responds well to a monomolecular layer of the size of the Lusteroid surface. This 
initial fixation is referred to as ‘‘adsorption’’; it might well be understood as 
the starting condition for the second phase which is interpreted as ‘‘solid solu- 
tion’’ achieved by molecular migration of the steroid ketones into the nitro- 
cellulose. Chemical evidence shows that the progesterone molecule is not altered 


by the interaction with the cellulose nitrate. It is noteworthy that, assuming 


a monomolecular layer, the space requirement for progesterone on nitrocellulose 
about 32 A.?) is less than for desoxyeorticosterone (about 51 A.*), even at about 
threefold concentration of the latter steroid. Apparently, the additional hy- 
droxy group at C., prevents a closer packing in the adsorbed layer. 

The rate of steroid migration into the nitrocellulose, ealeulated from the 
observed rates of disappearance from the solution, is not lower than about 1 A. 
per 10 minutes. This is a minimal value, and its accuracy cannot be more than 
that of an order of magnitude. 


SUMMARY 


Progesterone and desoxycorticosterone, but not cortisol, disappeared from 
aqueous solutions when brought into contact with a nitrocellulose (Lusteroid) 
surface. Initially, a rapid fixation to the surface took place. Assuming the 


*Photographs of this model seen from the 3 spatial directions against an A. scale 


have 
been given in Figs. 7 to 9 in reference 6. 
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formation of a monomolecular layer of adsorption, the space requirement pel 


molecule of progesterone and desoxycorticosterone was approximately 32> and 


OL A.*, respectively. The rate of the subsequent migration into the nitrocellulose 


was first order for the steroids 
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COMPARISON OF THE EXTRACTION OF POTASSIUM AND SODIUM 
FROM LIVER TISSUE BY ACID AND WATER 
JosepH J. MartTorano, Pxu.D. 

BETHESDA, Mp. 

INTRODUCTION 
f aoe extraction of electrolytes from tissues for measurement by the flame 
photometer has been based either on the nitrie acid extraction method as 
employed by Lowry and Hastings,’ or the dry ashing method as deseribed by 
Hald.2 Several reports have appeared in the literature recommending the ex- 
traction of chlorides,’ and potassium* * from tissues by leaching with water 
Although this procedure for potassium was reported to compare favorably with 


the dry ashing method,® the data would appear to require additional study. 


The extraction of sodium from tissues by water has been attempted,® but not 


reported. This also requires further investigation. 
In the present study, a comparison has been made of the accuracy of potas 
sium and sodium analyses of liver carried out by the alternative methods of ex 


traction by water and by nitrie acid 


MATERIALS AND METHODS 


Mice of a highly inbred Swiss white strain were used. The animals were all of the 
same sex (male) and weight (20 + 3 Gm.). Animals were sacrificed by cervical dislocation. 
Livers were removed in less than 30 seconds and blotted dry. These were then dropped 
into liquid nitrogen to avoid a change in weight of the tissue by evaporative loss of water. 
The extraction of potassium and sodium by water was carried out as follows: a known 
weight of this frozen tissue (usually 150 + 50 mg.) was transferred to a screw-cap tube 
which contained 0.8 ml. of ion-free distilled water. The tissue was macerated by means 
of a blunt glass rod and the mixture brought to 5 ml. volume with ion-free distilled water. 
The tubes were then sealed with plastic caps and placed in a hot-water bath; the liquid 
was allowed to boil for 30 minutes. Material in capped tubes was stored in a refrigerator 
overnight after which it was allowed to come to room temperature and then centrifuged 
for 30 minutes at 3,500 rpm. The extraction of potassium and sodium by nitrie acid was 
as described by Mudge.? In both methods aliquots of the supernatants were suitably 
diluted after adding LiNO, to a final concentration of 250 p.p.m. for sodium and 100 p.p.m 
for potassium analysis. The analyses were made with a Baird Associates flame photometer, 
which employs the internal standard principle.s 

In designing this experiment, the aim was to ascertain the following: 1) the relia 


bility of each method by determining whether variation occurred within the same tissue 
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180) MARTORANO 
sample; (2) the degree of variation between animals; and (3) @ comparison of the means 
between the water extraction and the acid extraction method. 

In order to test the variability between methods and _ livers, multiple samples of 
tissues from the same liver were used for both the water and acid extraction of potassium 
and sodium. In this experiment (Tables I and II) several samples of tissue were taken 
from the same liver. Half of these were prepared for potassium and sodium analysis by 


the water extraction method and the other half by the nitrie acid extraction method. 


TABI . Porasstum ME@q. PER Ka. 


Water Extraction 

3 4 
81.8 83. 
84.8 84.1 
82.3 84.0 
83.9 82.0 


Mea 3 3.5 83.2 83.5 
S.E. 2 0.21 0.29 
Acid Extraction 


IMAL >} : 3 } 


Sample , 84.3 86.3 
; 83.8 84.2 


81.8 84.2 
83.2 

83.1 84.5 

0.60 0.65 

Analysis of Variance 

SQUARES a ¥ MEAN SQUARES 
Livers 2.33 6 205 
Methods 36 l 0.36 
Interaction 23 6 1.21 
Residual $2 1.38 


Sopium MEq. PER Ke. 


Water Extraction 
ANIMAI } 4 
Sample 33.$ 34.$ 35.: 34.1 


34.8 


U4 
Extraction 
t 
32.3 
36.0 
34.6 
32.6 
33.9 
0.9 
C. (nalysis of Variance 
OF SQUARES a. f. MEAN SQI 
19.30 6 Br 
] 
t) 
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In order to compare the sensitivity of each method an additional experiment was 
carried out in which duplicate liver samples of various weights were taken from 15 mice 


for analysis after extraction by either leaching with water or digesting with nitric aci 


RESULTS 


A comparison of the two methods used for the extraction of potassium 
Table I) and sodium (Table I1) indicates that the water leaching method is 


sufficiently accurate to be acceptable for the analysis of liver tissue. An analysis 


of varianee® (Tables I, C and IT, ©) comparing the water leaching method with 
the acid digestion method suggests the following: 1) there is no signifieant 
variability among the livers within the method of extraction, (2) no significant 
variability is noted with regard to the method of extraction, and (3) the inter- 


action of liver tissue and methods contributes no significant variability. 


[1f. ANALYSIS OF LIVER FOR POTASSIUM 


WATER EXTRACTION ACID EXTRACTION 

WT. OF POTASSIUM 

SAMPLI MG. I SIUM y . POTASS 
MG. SAMPLE i. ; MEQ./KG. 
82 0.269 3.$ 7: 28. 83.3 
102 0.340 ; 351 84.9 
110 62 4 13 83.1 
124 0.413 4 e ’ 85.3 
124 0.417 < 
131 0.429 
134 0.444 
164 0.539 
165 549 
184 601 
186 .604 
186 599 
197 £653 
208 685 


216 0.716 


TABLE LV ANALYSIS OF 


WATER EXTRACTION CID EXTRACTION 

WT. OF SODIUM WT. OF SODIUM 

SAMPLE MG, SODIUM SAMPLI MG. SODIUM 
MG. SAMPLI MEQ./ KG. i. SAMPLI MEQ./KG 
82 0.076 : re 0.063 38.0 
102 0.080 34.3 0.089 36.7 
110 0.085 33.8 13 0.115 36.3 
124 .090 $1. 33 0.089 29.2 
194 100 35. 3 0.097 31.7 
131 102 oo.$ 2 0.112 36. 
134 091 29, § 0.128 36. 
164 134 3O. } 0.127 34.7 

165 125 36 5! 0.109 30.6 

184 127 30. : 0.136 

186 157 36 

186 139 Sa.0 ! 0.106 

197 155 4.2 r 0.140 

? OS 0.167 34.¢ } 0.151 


%16 0.181 a6.: ba 0.089 


0.109 
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Sample size within the range used did not appear to be an important factor 
in either of these extraction methods. Both methods demonstrated equal sensi- 
tivity (Tables III and IV). Measurement of potassium in livers of 15 mice gave 
a mean and standard error of 84.4 + 0.08 for samples extracted with water as 
compared with 84.1 + 0.08 for samples digested with acid (Table III). The 
difference is of low significance (> 0.02 P < 0.05). It suggests that the methods 
may give slightly different absolute values but the means are so close that neither 
method need be preferred on this basis. A comparison of duplicate samples by 
both methods for sodium indicated almost identical means (Table IV). The 
mean and standard error with the water extraction method was 34.1 + 0.71 
while that for the acid method was 34.3 + 0.08 (P > 0.1). 


DISCUSSION 

The extraction of electrolytes from tissues by leaching with water was first 
suggested by Heilbrunn and Hamilton.* Stone and Shapiro* reported complete 
removal of potassium from brain and musele when this eation was extracted 
with water. Seibert and associates’ compared water extraction and dry ashing 
in the analysis of potassium in liver and found the former method was reliable 
within 4 per cent. In a personal communication, Dr. E. Cotlove® suggested 
that sodium could be extracted from liver by leaching with water. Such a 
method had been used in Dr. Cotlove’s laboratory for the analysis of electrolytes 
in rat muscle and gave results which were comparable with those obtained with 
previous methods. 

An analysis of the data from the present study indicates that the water ex- 
traction method compares favorably with the acid digestion method in accuracy. 
In addition to this there are the following practical advantages of the water 
leaching method over the ashing and nitrie acid digestion methods now in use: 
(1) rapidity (extraction and determination can be completed within the same 


day); (2) both potassium and sodium analysis can be performed by flame 


photometer after direct dilution; (3) the greater convenience of using water as 
compared to handling concentrated nitrie acid; and (4) a minimum of equipment 
is necessary. 

SUMMARY 


1. A method for the extraction of potassium and sodium from tissue by 
leaching with water is deseribed. 

2. A comparison is made between the water leaching method and the nitric 
acid digestion method for the extraction of potassium and sodium from liver 
tissue. An analysis of the data with regard to the method of extraction indicates 
that the use of the water leaching method for the extraction of these cations 
compares favorably with the acid extraction method. 


3. Practieal advantages of the water leaching method are discussed. 
The invaluable assistance of L. Gerende and E. Jerome of the Psychology Division of 


Naval Medical Research Institute, Bethesda, 
sults and J. Lyneh, HMC, 


Md., in the statistical evaluation of the re 


USN, for his technical assistance is gratefully acknowledged. 
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THE FLUORIMETRIC MEASUREMENT OF PLASMA EPINEPHRINE 
AND NOREPINEPHRINE CONCENTRATIONS IN MAN, 
MONKEY, AND DOG 


‘ 


Grorce F. Manaan, Jr., Pu.D.,* AaNnp JoHN W. Mason, M.D. 


‘ 


WASHINGTON, D. C. 


T IS well established that the adrenal medulla releases increased amounts of 

epinephrine and norepinephrine in a wide variety of conditions which call 
for an unusual effort on the part. of the body to perform work, to adjust to 
changes in its internal environment, or to resist threatened dangers. Many 
aspects of the regulation of epinephrine and norepinephrine secretion by the 
central nervous system, however, are as yet little understood. Experimental 
work in this area has been greatly handicapped by the searcity of suitable 
methods for the aeceurate analysis of both central nervous system function and 
adrenal medullary aetivity. Within recent years improved methods for the 
systematie study of both emotional behavior and neurophysiologie mechanisms 
in the experimental animal have heightened interest in the search for specific 
chemical methods for the quantitative measurement of epinephrine and nor 
epinephrine in biologie fluids. A method currently of considerable interest is 
that deseribed by Weil-Malherbe and Bone! which employs a chromatographic 
separation of the eatechol amines from other fluorescent plasma constituents 
and the differentiation of epinephrine and norepinephrine by fluorimetric pro- 
cedures. Although several laboratories have reported success in using the 
method,?** some concern over its validity continues to be expressed in the litera- 
ture.* Also there is a particular need for data on which to base the interpreta- 
tion of results obtained with low-hormone concentrations such as found in the 
peripheral plasma of human beings, monkeys, and dogs. The purpose of this 
report is to present the data obtained in a systematie evaluation of the Weil- 
Malherbe method, with the viewpoint ot determining the suitability of the 
method for the measurement of epinephrine and norepinephrine in human, 
monkey, and dog plasma. 


METHODS AND MATERIALS 
Reagents. 
Sodium fluoridc—sodium thiosulfate solution, NaF (2 Gm.) and Na.S,O, (3 Gm.) was 


dissolved in glass-distilled water to 100 ml. The solution was autoclaved and transferred 


to sterile ampoules, each containing about 6 ml. 
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EPINEPHRINE AND NOREPINEPHRINE CONCENTRATIONS 


Sodium carbonate, a 0.5 N solution. 


Sodium acetate buffered at pH 8.4. A 0.2 M solution of sodium acetate was passed 
over a column of Zeo-Karb 215 (Permutit Co., Ltd.) and adjusted to pH 8.4 by the addition 
of 0.56 N Na.CO,,. 

The Zeo-Karb column was prepared by repeated washings with 2 N HCl, water, and 
+ per cent NaCl, the last being continued until the pH of the filtrate was about 6. Excess 
NaCl was flushed out with glass-distilled water. 

{lumina, acid washed. Al,O, (100 Gm.; Fisher Scientific, ‘‘for chromatographic analy 
sis 80-200 mesh’’) was stirred with 500 ml. of boiling 2 N HCl for 20 minutes, filtered, and 
washed on the funnel with 500 ml. of hot 2 N HCl. It was then repeatedly washed by 
decantation with distilled water and dried at 300° C. for 3 hours. 


feetic acid, a 0.2 N solution. 


Ethylenediamine dihydrochloride (Eastman Kodak Company, Organic), a 2 M solution. 
Ethylenediamine Eastman Kodak Company, Organic). Redistilled immediately prior 


to use 


Tsobutanol Merck & Co., Ine., ‘‘suitable for fluorimetric work’’). Redistilled im 


mediately prior to use. 
Procedure. 


Collection of samples: Blood samples were obtained by drawing the blood into a 
syringe containing 5 ml. of the fluoride-thiosulfate solution, or if blood samples were taken 
by arterial or venous cannulae the blood was allowed to drip into a graduated cylinder 
containing 5 ml. of the fluoride-thiosulfate solution per 15 ml. of blood. The plasma was 
then separated by centrifugation and decanted. To the plasma was added an equal amount 
of the sodium acetate buffer, and this mixture was adjusted to pH 8.4 by the addition of 
a few drops of Na,CO,. 

The columns used for the chromatographic isolation of the catechols were of the 
thistle tube type, having a bulb of 50 ml. capacity. The stem of the tube was approximately 
23 em. long with a constriction 5 em. from the tip. The inside diameter of the stem was 
5 mm. The columns were attached to a receiving flask through an adapter which was also 
connected to a vacuum source, The columns were prepared by placing a piece of glass wool 
at the constriction, a slurry was then made composed of 0.5 to 0.7 Gm. of the acid washed 
alumina and 2.5 ml. of acetate buffer. This slurry was poured on the column, washed down 
with 2.5 ml. of acetate buffer, and, after settling, mild suction was applied and so regulated 
that the rate of filtration was 20 to 30 drops per minute. 

The plasma-acetate mixture was then added to the column, followed by 5 ml. of the 
acetate buffer and 5 ml. of glass-distilled water. These two filtrates were rejected. Oc 
easional blocking of the column occurred due to precipitation of plasma lipid and protein 
constituents; this difficulty could easily be overcome by displacing the precipitate by means 
of a glass rod. The adsorbed epinephrine and norepinephrine were eluted by passing 5 ml. 
of 0.2 N acetic acid, followed by 5 ml. of water, through the column. To the acetic acid 
eluate was added 0.5 ml. of ethylenediamine dihydrochloride solution followed immediately 
by 0.7 ml. of ethylenediamine. The samples were then placed in a constant temperature 
water bath at 50° C. for exactly 20 minutes. At the end of this period, the samples were 
removed and placed in a cold water bath for 5 min. The samples were then saturated 
with NaCl (about 4 Gm.) and extracted with 6 ml. of isobutanol in a mechanical shaker 
for 4 min. If an emulsion formed during the extraction the samples were lightly centrifuged 
to break the emulsion. 


Standard solutions containing 0.02, 0.04, 0.06, 0.08, and 0.10 micrograms of epinephrine 


in 10 ml. of 0.1 N acetie acid, a reagent blank and a column blank were also carried through 
the condensation and extraction procedures. With samples containing high concentrations 


of the catechols 0.2 wg of epinephrine was used to adjust instrument sensitivity. 
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The isobutanol phase was then transferred to the flnorometer cuvette and its fluorescence 
vas determined. 

Measurement of fluorescence: \ Farrand Photoelectric fluorometer, Model A, was used 
to measure fluorescence. All fluorometer cuvettes were carefully calibrated and matched 
before use. Using Aperture No. 6 the sensitivity of the instrument was adjusted so that a 
reading of 100 was obtained on the galvanometer with the 0.10 microgram of epinephrine 
standard. The fluorescence of the remaining standard solutions, samples, and blanks was 
then determined with this sensitivity setting on the instrument. This procedure was followed 
using Corning filters 5433 and 3384 in the secondary and was repeated using Corning filter 
2418 in the secondary. For both sets of readings the primary consisted of Corning filters 
5113 and 3389. Standard curves were constructed by subtracting the reagent blank reading 
from the readings of the standard solutions and plotting these fluorescence values against 
concentration, Two curves were constructed, one for each secondary employed. 

The concentration of epinephrine and norepinephrine in the samples was obtained |y 


substitution of the appropriate fluorescence values in the following equations: 


Using filters 5433 and 3384 in the secondary the ratio, epinephrine/norepinephrine 


fluorescence, is equal to 0.86. Therefore, the following relationship ean be established: 


vhere A concentration of epinephrine; N concentration of norepinephrine; b ap 
parent epinephrine content of sample measured with filters 5433 and 3384 in the secondary. 
Similarly, when measured with filter No. 2418 in the secondary the ratio, epinephrine 


oo 


norepinepl rine fluorescence, is equal to 4.22. Therefore, 


N 
A + 
4.22 
here ¢ apparent epinephrine eontent of the sample measured with filter 2418 in 
secondary 


Solution of these simultaneous equations is as follows: 


0.86 


The coefficients for the above equations were determined by constructing fluorescence 
urves of standard solutions of epinephrine and norepinephrine measured with each secondary 
employed. By dividing the slope of the epinephrine eurve by the slope of the norepinephrine 
curve the ratio of epinephrine/norepinephiine fluoresconee was determined. The ratio of 
epinephrine/norepinephrine using filters 5433 and 3384, whieh gave peak transmission at 
510 mp, was found to be 0.86 + 0.10; using filter 2418, which has a sharp cut-off at 600 
mu, the ratio was found to be 4.22 + 0.43. These constants will depend on the characteristics 


cf the particular filters used and must be determined for each individual set of filters. 


RESULTS 


The precision and reproducibility of the epinephrine-ethylenediamine dihy- 


drochloride condensation reaction was studied by preparing standard solutions 
of epinephrine in 0.1 N acetie acid and subjecting them to the condensation 
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The concentrations of epinephrine used were 0.02, 0.04, 0.06, 0.08, 
Duplicate samples of each 


The results of this study 
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The same procedure and conditions were followed in studying the precision 
and reproducibility of the ethylenediamine dihydrochloride condensation with 
The 
0.50, 0.40, and 0.50 pe 


norepinephrine concentrations of norepinephrine used were 0.10, 0.20, 


The results of this study are given in Table II. It can 


he seen that the fluorescence values for each set of duplicates lie within well 


defined limits Phototube response to these coneentrations is also linear. 
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Mixtures of epinephrine and norepinephrine in 0.1 N acetic acid were also 


condensed with ethylenediamine. 


The fluorescence of the mixture was deter- 


mined and the relative quantities of epinephrine and norepinephrine in the 


mixtures were ealeulated. These results are shown in Table III. These data 


indicate that mixtures of epinephrine and norepinephrine can be quantitatively 


assessed following condensation with ethylenediamine. 


In order to evaluate the chromatographic step aqueous solutions of epineph- 
rine and norepinephrine were adjusted to pH 8.4 with the acetate-carbonate 
buffer, subjected to chromatography on the alumina columns, and eluted with 
0.2 N acetic acid. Quantitative recoveries could not be obtained; recoveries of 
epinephrine ranged from 10 to 70 per cent and recovery of norepinephrine 


ranged from 0 to 60 per cent. Since epinephrine is rapidly oxidized in alkaline 





4&8 MANGAN AND MASON 


solution, the loss of epinephrine ean probably be attributed to the lack of anti 
oxidant in the solution. Quantitative recovery of epinephrine could be obtained 
from solutions containing 3 per cent bovine serum albumin which protected 
epinephrine after it had been adjusted to the alkaline pH. When serum albumin 
was used to protect the epinephrine, it eould be reeovered more completely 
when carried through the total analytical procedure than from untreated 
aqueous solutions. Although the per cent recovery covers a wide range (950 to 
130 per cent), it was found that recoveries of graded concentrations of epineph- 
rine from 0.02 to 0.10 »g were linear on a given day and that the quantity 
recovered was a function of the length of time the solution containing epineph 
rine was held at pH 8.4. 


TABLE IIT. ANALYSIS OF MIXTURES OF EPINEPHRINE AND NOREPINEPHRINE IN 0.1 N AcETI 
AcID BY CONDENSATION WITH ETHYLENEDIAMINI 


SAMPLI EPINEPHRINI EPINEPHRINE NOREPINEPHRINE NOREPINEPHRINE 

NO. ADDED (pg) RECOVERED ADDED (pg RECOVERED 
0.010 0.013 0.040 0.035 
0.010 0,008 0.040 0.042 
0.020 0.022 0.060 0.072 
0.020 0.019 0.060 0.057 
0.030 0.031 0.030 0.024 
0.030 0.033 0,050 0.056 
0.030 0.027 0.030 0.032 
0.030 0.028 0.050 0.053 

+! 0.050 0.049 0.020 0.019 

10 0.050 0.044 0,020 0.023 


Recovery of Epinephrine and Norepinephrine Added to Plasma.—In these 
experiments whole blood was obtained either by eardiae puncture or from the 
femoral artery of dogs anesthetized with Nembutal. The blood was collected 
in tubes containing sodium fluoride and sodium thiosulfate, the tubes were 
centrifuged, the plasma was removed, and either analyzed immediately or 
frozen until analysis was made. The recovery data for epinephrine and nor- 
epinephrine added to plasma are given in Table IV. Good recoveries were 
obtained with the added epinephrine, while the norepinephrine shows a much 
wider range of recoveries. 

It has been reported by de Valk and Price® that epinephrine added to 
acetic acid passed over alumina gives a fluorescence which is approximately 150 
per cent of its value in water or acid solution. We have examined this question 
and have shown that both epinephrine and norepinephrine condensed in acetic 
acid treated with alumina show an increase in fluorescence which is of a quantita 


tive nature only..° That this phenomenon also oceurs in plasma eluates was 


determined by adding epinephrine to column eluates of plasma and reading the 


resulting fluorescence against standard curves prepared in acetie acid and 
standard curves prepared in acetie acid which had been passed through an 
alumina column. Quantitative reeovery was obtained when the fluorescence was 
ealeulated from the standard eurves prepared in alumina treated acetie acid, 
while the ‘“‘apparent’’ epinephrine content was inereased from 20 to 30 per 
eent when ecaleulated from the standard curve prepared in untreated acetic 
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acid. The norepinephrine values were only slightly increased, the increase 
heing less than 4 per cent. There is, therefore, an approximate 20 per cent 
loss of both epinephrine and norepinephrine during the analytical procedure, 
but if the concentrations of the eatechols are ealeulated from a standard curve 
prepared with untreated acetie acid, the loss of epinephrine is compensated 
for and the values reported in this paper are a good index of the absolute levels 
of epinephrine in plasma. The norepinephrine values represent approximatels 


SO per cent of the absolute levels of norepinephrine in plasma. 


TABL} . EPINEPHRINE-NOREPINEPHRINE LEVELS IN NORMAL ILUMAN SUBJECTS 


EPINEPHRINI NOKEPINEPHRIN 

TER PLASMA F/I t PLASMA 
0.00 
0.00 
0.15 
0.00 
00 
0.00 
aM 
0.00 1.80 
0.00 0.00 
O.00 1.20 
O.00 1.80 
0.00 0.00 

2? 09 


0.00-0,15 0.00-6.82 


EPINEPHRINE-NOREPINEPHRINE LEVELS IN MONKEY PLASMA 


MONKEY EPINEPHRINE NOREPINEPHRINE 
NO. gy/LITER PLASMA we/ LITER PLASMA 
M34-A 1.60 6.30 
M32-A 1.69 3.72 
M41-A 5.36 14.28 
M45-A 1.00 3.40 
M40-A 1.50 2.60 
M52-A 0.60 9.00 
Mean 1.95 6.55 


Range 0.6-5.36 2.6-14.28 


The analytieal method deseribed has been applied to the analysis of blood 
samples trom dogs, monkeys, and humans. The dog samples were taken from 
the femoral artery of animals under Nembutal anesthesia. The samples from 
monkeys were withdrawn through indwelling venous catheters in conscious 


animals adapted to an experimental chair-type restraining apparatus. These 


data are given in Tables V to VII. In these 3 species, norepinephrine appears 


to be the principal catechol amine present in the blood. Both human and dog 
plasma show little epinephrine although significant amounts of epinephrine ap 
pear In some monkey plasma samples. 

The speetral distribution of the fluorescence of the ethylenediamine deriva- 
tives of the catechols isolated from plasma of these species was determined 
using a Farrand recording spectrofluorometer and compared with samples ot 


synthetie epinephrine and norepinephrine. These curves are shown in Fig. 1. 
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scent spectra of plasma samples with those of crystalline epineph 
rine ind norepinephrine 


It can be seen that these curves closely approximate the emission spectra of the 
synthetic epinephrine and norepinephrine. In these particular human and 
monkey plasma samples no epinephrine could be detected and the emission 


spectra of these samples is the exact configuration of the emission spectra ot 
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synthetic norepinephrine. The sample of dog plasma taken from the pooled 
plasma of an exsanguinated dog indicates that this sample contains predomi 


nantly epinephrine with some norepinephrine also present. 


DISCUSSION 


It is felt that the above data show the Weil-Malherbe and Bone method to 
possess a satisfactory degree of precision and reproducibility as judged on the 
following basis: First, repeated analysis of duplicate samples of crystalline 
epinephrine and norepinephrine, mixed in various proportions and earried 
through the eondensation and fluorimetrie steps, vielded quantitative recovery 
within a relatively narrow range. Second, the recoverability of erystalline 
epinephrine and norepinephrine added to plasma in varying amounts and ear 
ried through the entire procedure was similarly consistent within limits which 
would permit the deteetion of minute changes in concentration in samples from 
biolowie experiments. 

A second feature of the method considered in this study to a more limited 
extent is that of biochemical specificity. Although questions have been raised 
about the possibility that eatechol amines other than epinephrine and nor 
epinephrine may be detected by the method, no definitive evidence has been 
presented indieating that sueh substances exist in blood in sufficient concentra 
tions to interfere with results. As deseribed above, comparison of the spectral 
distribution of the fluorescence of the eatechols isolated from dog, monkey, and 
human by this method with that of erystalline epinephrine and norepinephrine 
failed to show evidence of any interfering material in the plasma eluates. Re 
cently Weil-Malherbe presented additional evidence to support the claim that 
epinephrine and norepinephrine were the only eatechols present in plasma in 
sufficient quantities to be measured by this procedure.’ The values for epineph 
rine and norepinephrine in human plasma are in agreement with those found 
by Manger and eo-workers,® Aronow,’ and de Valk® using various modifications 
of the Weil-Malherbe procedure, but are somewhat lower than those reported 
by Weil-Malherbe.’ One possible explanation for the latter discrepaney may 
he that Weil-Malherbe uses plasma rich in platelets, which have been shown to 
contain appreciable epinephrine and norepinephrine.*® Reeent experiments in 
our laboratory have*shown this method to be eapable of reliably measuring 
changes in peripheral levels of epinephrine and norepinephrine associated with 


such manipulations as electrical stimulation of the splanehnie nerve or posterior 


hypothalamus": and intravenous administration of the erystalline hormones." 


The latter data strongly support our conelusion in the present study that 
the method is sufficiently sensitive and reproducible to warrant an exploration 
of its usefulness in a variety of physiologie studies. It must be emphasized, 


however, that in the average plasma sample one is dealing with minute quanti 


ties of extremely labile substances and that each operation in the analytieal 


procedure, in the preparation of reagents, and in the cleaning of glassware 
must be rigidly controlled. 
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SUMMARY 


A systematie evaluation has been made of the Weil-Malherbe and Bone 


method in an effort to determine its suitability for the measurement of epineph- 
rine and norepinephrine in human, monkey, and dog plasma. Mean recovery 
of erystalline hormone added to plasma in concentrations ranging from 0.02 
to 0.1 pg was 103.8 + 9.4 per cent for epinephrine and 79.1 + 15.8 per cent tor 
norepinephrine. Measurement of normal plasma concentrations in human 
beings, monkeys, and dogs revealed readily detectable amounts of norepineph- 
rine in all three species but appreciable epinephrine levels only in the monkey. 
It is concluded that the method is sufficiently reliable and sensitive for use in 
physiologic experiments. 
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A NOTE ON THE SERUM IRON DETERMINATION DESCRIBED BY 
PETERS, GIOVANNIELLO, APT, AND ROSS 
THEODORE Peters, Pu.D., aNnp THomMas J. GIOVANNIELLO, B.B.A. 
CoorERSTOWN, N.Y., AND Boston, Mass. 


INCE the publieation in August, 1956, of a simplified method for the 
S determination of serum iron in this JouRNAL,’ several persons have reported 
that they did not obtain single-phase solutions in the final step (addition of 
hathophenanthroline in 3:1 isopropyl/isoamy! aleohol). This of course prevents 
the obtaining of a reading in a spectrophotometer. 

One cause for this difficulty has been found to be the use of trichloroacetic 
acid solutions which are weaker than the 30 per cent solution required. Another 
has been careless pipetting of reagents. However, in some eases no apparent 
cause could be found but, upon the suggestion of Dr. Rosario Maniglia ot 
Hahnemann Medieal College, Philadelphia, Pa., and Dr. Eugene W. Rice of 
Presbyterian Hospital, Pittsburgh, Pa., it was ascertained that decreasing the 
concentration of isoamyl aleohol in the color reagent would result in single-phase 
solutions. 


Experiments have subsequently been conducted using varying proportions 
of isopropyl and isoamyl alcohols. While we always obtained single-phase 
solutions using the stated 3:1 ratio and using isoamy| aleohol reagent orade 
supplied either by Baker, Merek, or Eastman, we did find that inereasing the 
isoamyl aleohol concentration from the stated 25 per cent to 31 per cent would 


give a multi-phase solution at 26° C. Upon deereasing the econeentration of 


isoamyl alcohol, no difficulties were encountered between 0° C. and 40° C., and 


it was found that the isoamy! aleohol could be omitted entirely without altering 


the resulting optical density in either serum iron or serum iron binding capacity 
determinations 


Hence it is recommended that 0.02 per cent bathophenanthroline (4,7 
diphenyl-1,10-phenanthroline) in isopropyl aleohol be substituted for the batho 
phenanthroline in 3:1 isopropyl/isoamy! aleohol solution deseribed in the origina! 
method. Bathophenanthroline dissolves very slowly even in aleohols, and the 


mixture should be allowed to sit overnight to ensure complete solution. 
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STUDIES ON THE SEROLOGIC IDENTIFICATION OF ADENOVIRUS 
I. COMPARISON OF THE HEMAGGLUTINATION, CONGLUTINATING COMPLEMENT 
ADSORPTION, AND COMPLEMENT FIXATION TESTS 
J. EK. Prirer, D.V.M., Px#.D., anp R. W. LEBkEav, A.B. 

West Point. Pa. 


ESPIRATORY disease caused by ‘‘adenovirus’’! was first recognized by 
R Rowe, Huebner, Gilmore, Parrott, and Ward? and by Hilleman and Werner 
The agents, although separable into specific serologic types according to neutral 
ization data in tissue culture, contain a common complement-fixing antigen. 

The present study was designed to compare the complement fixation (C.F 


reaction with a conglutinating complement adsorption (C.C.A.) teehnique and a 


hemagglutination test. The latter test was similar to the technique deseribed 


by Friedman and Bennett* for detection of adenovirus antibodies. 


MATERIALS AND METHODS 


Preparation of Antigens.—Viruses were propagated in monkey kidney monolayer tissu 
cultures that were grown in 5-liter culture bottles. The infective titers averaged 10 for 
Type 3, 10 for Type 4, and 10 for Type 7. The media used consisted of mediun 
1995 with 2 per cent horse or calf serum for cell growth and serum-free medium for virus 
propagation. The virus was harvested when the majority of the cells showed changes in 
morphology that were indicative of infection. All harvested fluids were stored at 2 to 5° C. 

Raw, untreated tissue culture fluids were used as antigens for the C.F. and hemag 
glutination tests in some cases, but were found to be anticomplementary in the C.C.A. test. 
tor the latter procedure it was necessary to dialyze such samples against phosphate buffer 

10 volumes 

Two methods of concentration of antigen also were used. The first consisted of dialysis 
against polyvinylpyrrolidone (20 per cent). The original volume of raw fluid was reduced 
by this procedure to approximately one-tenth of its original volume. The concentrate was 
then diluted with veronal or phosphate buffer to about 25 per cent of the original volume. 

The second method f coneentration consisted of a methyl alcohol procedure similar 
to the first step of the poliovirus purification scheme of Schwerdt and Schaffer.6 Tissue 
culture fluids were adjusted to pH 4.0, treated with 20 per cent methanol and 0.2 Gm. of 
Celite Johns Manville per each 100 ml. and the mixture agitated overnight. The Celite 


was collected on a g 


glass filter, washed, and virus eluted with phosphate buffer adjusted to 
pH 7.2. The virus was concentrated approximately ten to fifteen fold. 

Antisera.—Rabbits were injected, according to the method described by Rowe and 
associates,? with tissue culture fluids containing type-specific adenovirus. Animals were bled 
one week after the fifth injection and the serum separated and stored at -20° C. until used. 

From the Biological Development Department, Merck Sharp & Dohme, Division of 
Merck & Co., Inc., West Point, Pa 
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Immediately prior to use, all sera were inactivated at 56° C. for one-half hour. Control 
serum was obtained from rabbits given a series of injections of fluid from uninfected tissue 
cultures. 

Hemagglutination Test.*—A modification of the Boyden technique was used.?7 Sheep 
erythrocytes were formalized according to the method of MeKenna.’,® To sensitize the 
formalized cells, one volume of antigen was incubated for 2 hours at 37° C. with two volumes 
of a 2.5 per cent suspension of tanned formalized cells in 0.5 volume of phosphate buffered 
saline at pH 6.4. The cells were washed in 1.0 per cent normal rabbit serum and suspended 
to a 2.5 per cent concentration in the same diluent. 

Serial dilutions of antisera were made in 1.0 per cent normal rabbit serum, and 0.15 
ml, of sensitized cells were added to each tube. End points were read after incubation for 
12 to 18 hours at 1° C., and were recorded as the highest dilution of serum causing complete 
hemagglutination. 

Conglutination Test.—The technique used in performing the conglutinating complement 
adsorption test has been described previously.!° soth antigen and antiserum titrations were 
run and the source of conglutinating complement was unheated normal horse serum. End 
points were expressed as the highest dilution of antiserum or antigen showing inhibition of 
erythrocyte agglutination. 

Complement Fixation Tests.t The modifications of the Bengtson technique previously 
used for adenovirus were employed.11-13 Suitable controls were included in all tests, and 
end points considered as the highest dilution of serum preventing hemolysis of erythrocytes. 


Block titrations were run to arrive at optimum antigen dilutions for the tests. 


RESULTS 

Typical results using 6 different antigen tests are shown in Table IL. Of 
the 3 procedures, the conglutination test gave the most variable and least reliable 
results, probably due to the narrow range of optimum antigen reactivity. Similar 
resuits previously had been noted by one of us (J. E. P.), using the system for 
other antigens. 

The hemagglutination test gave serum titers consistently higher than those 
of the C.F. procedure, and in some eases showed a tendeney toward type 
specificity. This was also indicated by the results of Friedman and Bennett.’ 

There were marked differences between the different antigens used in these 
experiments. The PVP concentrated materials were of particular interest. All 


tests showed high reactions, but a high degree of nonspecificity was demonstrated 


with both ecomplement-fixing procedures. However, the same material appeared 


to render the hemagglutination test more type specific. 

Previous work has demonstrated that the C.F. antigen is a soluble fraction 
and not precipitated by centrifuge speeds necessary to sediment the virus 
particle.’* Sedimentation studies were conducted to determine the nature of the 
hemagglutinating factor. 

Raw virus, dialyzed material, and aleohol concentrated virus were centri- 
fuged in a Spineo ultracentrifuge (No. 40 rotor) at the following rates: 5,000, 


*This phase of the problem was conducted with the direct cooperation of Mr. John 
McKenna of the Research Laboratories Division, Merck & Co., Inc., West Point, Pa. 

*+We are indebted to Mr. Carl Newman of the Biological Control Department, Merck 
Sharp & Dohme, for these determinations. 
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TABLE I—COoONT’D 


ANTISERUM HEMAGGLUTINA 
ANTIGEN TYPE TION CONGLUTINATION C.F. 
Aleohol concen. 
Type 4 l 64 Neg. 3 
Aleohol concen. 
Type 4 2 16 Neg. 3 
Aleohol concen. 
Type 4 3 128 Neg. 3 
Aleohol concen. 
Type 4 } 256 Neg. S24 
Aleohol concen, 
Ty pe 4 5 } Neg. 4 
Aleohol concen. 
Type 4 6 <2 Neg. 4 
Aleohol concen. 
Type 4 7 128 Neg. 8 
Aleohol concen. 
Type 4 Control <2 Neg. Neg. 
Raw fluid 
Type 3 32 
Raw fluid 
Type 3 2 <2 Neg. 
Raw fluid 
Type 3 3 128 Neg. 
Raw fluid 
Type 3 { 128 3 
Raw fluid 
Type 3 5 <2? 3 
Raw fluid 
Type 3 6 2 g 
Raw fluid 
Type 3 7 512 3 
Raw fluid 
Type 3 Control } 3 


10,000, 20,000, 30,000, and 38,000 r.p.m. for one hour. Supernatant fluids and 
resuspended sediments were tested for reactions. Table IL indicates the speeds 
at which reactive material began to appear in the resuspended pellicle. The 
supernatant fluids contain the full amount of reactive antigen for all 3. tests, 
following centrifuging at speeds far exceeding those necessary for sedimentation 


of the virus particle. 











ABLE I] SPEED REQUIRED FOR REMOVAL OF REACTIVITY FROM ADENOVIRUS SUSPENSIONS 
RAW VIRUS DIALYZED VIRUS ALCOHOL CONCEN 
ANTISERUM rEST SUSPENSION SUSPENSION TRATED SUSP. 
Type 3 Hem: >38,000* 38,000 30,000 
Type 4 Hemagg » 38,000 38,000 30,000 
Type 3 Conglut 30,000 
Type 4 Conglut. 30,000 
Type 3 C.F. 38,000 
*Centrifuging speed per 1 hour 


DISCUSSION 


A satisfactory serologic procedure is essential for the rapid identification of 


either adenovirus antigens or antibodies. Recognizing that the antigen used in 


ee 
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the complement fixation technique is group specific, it would be quite advan- 


tageous to obtain a type-specific analytical procedure. A second disadvantage 
of the C.F. test, at least with experimental animal sera, is its relative lack of 
sensitivity. 

The C.C.A. test, while showing responses that are usually higher than those 
of the C.F. test, has disadvantages that render it unsuitable for routine 
laboratory use. The antigen concentration must be exactly optimum and must 
he determined prior to each test. This may be cireumvented by selection of 
more suitable antigens. In an antigen dilution system, the test is more useful 
since the serum concentration in such an assay is not so eritieal. It is possible 
that a direct conglutination test?® may be applicable and give consistent results. 

The greatest promise for dey ising an improved serologic procedure is shown 
by the hemagglutination technique. Onee the reagents are prepared, a rather 
large number of tests can be run in a short period of time. It also may be 
possible to inerease the specificity of the test without losing sensitivity. The 


influence of various antigens on the specificity of the test presently is under study. 


SUMMARY 


A hemagglutination test and a econglutinating complement adsorption test 
have been compared with the conventional complement fixation test for the 
identification of antibodies to adenoviruses. The hemagglutination procedure 
appears to be satisfactory for antibody detection and has certain advantages 
over the C.F. test. The antigens for all 3 tests are apparently separable from the 
virus particle. 
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5 ml. 0.1 M sodium oxalate or sodium citrate. 


] 1.5 ml. of blood in 0. 
buffered to pH 7.3 to 7.4 by mixing ecaleium chlorid 
make 


In the articl ‘*Prothrombin Measurement by 
which appeared in 
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Caleium 
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ma sar ‘round supply of ele cted large, healthy, male frogs for latest pregnancy 
est (99% accuracy). C ost negligible Negative test animals can os used 

repeate aly. Results in lees than two hours. Pre mpt 1 ship ment anywhere, by air 
to distant points Prices include screened shipping crates and boxes. 

Frogs. With complete directions for use and care. Dozen - 7.50 

Laboratory Tank with Cover 7.00 

Isolation Jar, 5” x 7” with weighted metal cover 

Frog pregnancy test kit, complete, 14 items including 

12 live frogs ? 


Rana pipiens Est. YSS6l 1919 
NEW YORK SCIENTIFIC SUPPLY CO. - - - - 28 West 30th St., New York 1, N. Y. 


Headquarters for Live Frogs 
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“Our 43rd Year—Time Proved Dependability” 


RABBITS & GUINEA PIGS, ALBINO RATS & MICE 
RESEARCH SUPPLY CO. 


2436 West York St. Philadelphia 32, Pa. 
SERRE RR 
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ZEIMET BIO-FARMS 
DOCILE GUINEA PIGS DEPENDABLE 


Route 4, Box 372 CHerry 9-4515 Madison 4, Wis. 








HAMILTON LABORATORY ANIMALS, INC. 


Specialist in breeding of HLA Albino Rats and HLA Albino Swiss Mice. 
Prompt and efficient service. Dependable animals. 


Office: 200 Brotherhood Bldg., 1015 Vine St., Cincinnati 2, Ohio 








HAMSTERS GUINEA PIGS RABBITS WHITE MICE AND RATS 
Satisfactorily shipped 1500 miles and more — Large supply 
For prices and information, write, wire, or phone 


HILLTOP CAVIARY 


Phone 286 Established 1928 Scottdale, Pa. 
(near Pittsburgh) 
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SINCE 1945 


XENOPUS LAEVIS FROGS X-L FEMALE FROG PREGNANCY 
exclusively TEST 


No Seasonal Variations 


Combines highest accuracy economy speed. 
Test so simple requires minimum of technician’s 
time using either urine concentrate or blood 
serum. No microscope work required or surgery 
of the animal. Write for literature. Animal cost 
per test 10¢ to 15¢. 


JAY E. COOK, Importer 
Cockeysville, Maryland, U.S.A. 














WHITE MICE GUINEA PIGS RABBITS 


When full grown our Albino mice go 35 to 45 gms. 


Send for price list. References furnished on request. 


J. E. STOCKER - Ramsey, N. J. + Phone: DAvis 7-1064 








TACONIC FARMS, Ine. 


Germantown, New York 


SWISS MICE Booklet Sent on Request 








NATIONAL LABORATORY ANIMAL CO. 


Reliable Animals for Significant Results 
RABBITS—GUINEA PIGS—~WHITE RATS—WHITE MICE 
Prompt Shipment from Pittsburgh, Pa. 

RD, Mars, Pa. Phone—NAtional 5-1955 








RABBITS GUINEA PIGS 
Developed and housed to insure best results in all types of tests 
Continuous supply and prompt shipment FOB Indianapolis 
PAUL HAMM RABBITRY R.R. No.4 =Phone 530-W3 Greenwood, Ind. 
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DAN ROLFSMEYER CO. 
ALBINO RATS SWISS (ALBINO) MICE 


Price List on Request 


Route 3, Syene Road, Madison 5, Wis. PHONE ALpine 6-6149 





Live Male Rana Pipien Frogs, Direct from the Farm 


Be sure of year round supply, at lowest prices and fastest service available. Orders delivered within 36 
hours after we receive them. 


Male Rana Clamitan Frogs and Buffo Americanus Toads available during summer months. 
Male Buffo Marinus Toads avail: able, the year round. 
Animals guaranteed free of disease and to arrive in perfect condition. 


Laboratory Manual 85 pages with illustrations. A system of pregnancy testing using Male Toads and 
Frogs, by Edward H. Hon, M.D., of Yale University. 


Also reagents used in conducting pregnancy tests. 
For Information and prices, Phone or write: 


_ J. R. SCHETTLE FROG FARM, INC. Stillwater, Minnesota 


® STANDARDIZED e¢ RATS WISTAR (ALBINO) 
© DEPENDABLE LONG-EVANS (HOODED) 
BRED FOR RESEARCH WORK BY RESEARCH WORKERS 


PACIFIC ANIMAL FARMS 14516, So. Budlong, Ave 


ALIF. 
(An affiliate of Pacific Biological Laboratories) 














MICE 
MICE 


ave, CHERRY HILL FARMS 


P.O. BOX 840. CAMDEN I, N. J. 








[LABORATORY | S82 824 aMivar sein 
ino Guinea Pigs 
Albino NZ Rabbits 
ANIMALS — Hamsters ae ALBINO FARMS 


P. 0. Box 331 
since 1929 RED BANK, NEW JERSEY 


LABORATORY ANIMALS 


We are specializing in an excellent strain : 

of Albino Guinea Pigs—heavy in Hartley Dogs Rats Rabbits 
Blood Lines. Highly acclaimed by all Cats Pigeons Hamsters 
users. Also Webster Swiss Albino Mice " . 
and Wistar Albino Rats. Mice Poultry Guinea Pigs 


JOHN C. LANDIS, Hagerstown, Maryland 
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BLICKMAN 


oe 
—roocane | SAFETY ENCLOSURES 


ASSAYS aN 


17-Ketosteroids 
MICRO -BIOLOGICAL 


Beta and Androgen Fractions SAFETY CABINET 

Protein-Bound Iodine - Pregnanediol with micro-biological 
Pregnanetriol - Gonadotropins filter canister 

Corticoids - Estrogens 


= oe | Stainless steel enclosures 
ead + Arsenic « Barbiturates for handling hazardous substances 
MISCELLANEOUS SAY setts tenet crete Ste 


P ° : new enclosures make it easier and safer for 
Transaminase + Sodium - Potassium the laboratory technician to work with con- 
: : . — taminants, infected animals and micro- 
Antistreptolysin - Proteins - Lipids organisms, toxic chemicals, poisonous and 
radioactive substances and live viruses. 
CONSERVATIVE FEES Stainless steel construction features crevice- 
free surfaces and rounded corners for ease 
Write for monthly “Bulletin of Laboratory of cleaning and decontamination. For full 
ae information send for technical bulletins or 
Medicine” and fee schedule describe your particular problem. Write to 
. er Tes Se ,me S. Blickman, Inc., 9203 Gregory Avenue, 
Airmail service anywhere in the U.S.A. Weehawken, New Jersey. 


pret phar yen = 
Biochemical Procedures c= 


Look for this symbol of quality 
8350 WILSHIRE BOULEVARD, BEVERLY HILLS, CALIFORNIA 








H CLEANIN F, 
FOR THOROUGH C G oe a 


d Equipme 
of Laboratory Glassware and Equipment RELIABLE 


NON-TOXIC FOR TISSUE CULTURE Ja Mg source of supply for animal serum, 


Y . bloods, complement, cells, 
2 j si hemolysin, plasma 


1X for Hand Washing 


for Mechanical and oD a as 


® Constant research helps 


Automatic Washers ~ ; ) fulfill your exacting needs 














® Over 34 years experience 


*® Devotion to quality ensures 
product purity 


*® Finest animals from high 


DISPOSO -TRAY © for < é r: altitude pastures 
VIRUS TITRATIONS / a mame 
Use as Test Tubes and Cul- “yy Sane COLORADO 


Price = me 

Tubes. So Low in ie COLORADO 
You Can Use Them Once and e - 
Throw Them Away! 

Sold by Dealers the World Over 

PEAK OF QUALITY 


Laborotory ond General Office 


LINBRO CHEMICAL CO., INC. BR 2S a couse 


681 DIXWELL AVE, NEW HAVEN 11, CONN 
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-——— VIRUS AND RICKETTSIA — Complement Fixation —— 


LIPID AND ENZYME CHEMISTRY 
SPECIAL CHEMICAL PROCEDURES—P.B.I.—Mineral—Organic 


72 to 96 hour service anywhere in the USA—Fee Schedules and Information on Request 


Clinical Laboratory of San Bernardino 
955 “D” Street, P. O. Box 329, San Bernardino, California 








INDEX TO ADVERTISERS 


Please mention “The Journal of Laboratory and Clinical Medicine” 


when writing to our advertisers—it identifies you 
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automation finaily brought to clinical chemistry 
Already in hospitals and laboratories the country over, the Technicon Autoanalyzer is 
doing jobs like those listed below with an accuracy, reproducibility, and dependability, 


which has users standing back in awe. The work goes faster, up to 60 tests-per-hour, 


better, accuracy is repeatable to approximately 1%, and cheaper, completely auto- 


matic; no human intervention or supervision. 


There's a brochure which explains the Autoana- 
lyzer principle, detailing operation and methods. 


clinical biochemical analyses 


For the thousand-and-one substances for which biological fluids 
ore analyzed ... blood glucose, blood urea nitrogen, calcium, 
alkaline phosphatase, chlorides, etc. Reproducibility, approxi- 
mately 1%. Elapsed time-per-test, as little as one minute. 


pharmcodynamic research 


Sampling by direct aspiration from circulatory (or other) system 
of a living organ, with continuous analysis and recording of 
phenomena like rate absorption or excretion of drugs, changes in 
» concentration levels of blood urea nitrogen, blood glucose, etc. 


completely automatic. operation 


Only human participation is initial setting up of test. Autoanalyzer 
then takes over; introduces correct proportions of materials and 
reagents, passes them through the train of analytical events — 
mixing, dialyzing, separation, heating, color-measuring, etc. — 
records test results as logarithmic or easy-reading linear graphs, 
or on digital read-out tapes. Selectable choice of 20, 40, or 60 
separate tests-per-hour, depending on nature of test. Reproduci- 
bility, approximately 1%. 


aK, nalyzer 


TRADE MARK 





TECHNICON INSTRUMENTS CORPORATION 
Chauncey e New York 


at 








release from pain and inflammation 


with BUFFERIN. IN ARTHRITIS 


salicylate benefits with minimal salicylate drawbacks 


Rapid and prolonged relief—with less intolerance. 


The analgesic and specific anti-inflammatory action of BUFFERIN helps 
reduce pain and joint edema—comfortably. BUFFERIN caused no gastric dis- 
tress in 70 per cent of hospitalized arthritics with proved intolerance to 
aspirin. (Arthritics are at least 3 to 10 times as intolerant to straight aspirin 
as the general population.' ) 

No sodium accumulation. Because BUFFERIN is sodium free, massive dosage for 
prolonged periods will not cause sodium accumulation or edema, even in 
cardiovascular cases. 

Each sodium-free BUFFERIN tablet contains acetylsalicylic acid, 5 grains, and the antacids 
magnesium carbonate and aluminum glycinate. 

Reference: 1. J.A.M.A. 158:386 (June 4) 1955. 


ANOTHER FINE PROL T OF BRISTOL-MYERS 


Bristol-Myers Company, 19 West 50 Street, New York 20, N. Y. 





